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AUTHOR'S  PREFACE. 


When  the  author  published  his  « Outlines  of  Structural  and  Physio- 
logical Botany'  ten  years  ago,  it  was  his  intention  to  prepare  a 
second  volume  devoted  to  Systematic  Botany.  Various  circumstances 
concurred  to  prevent  that  plan  from  being  carried  into  effect,  among 
the  most  important  of  which  were,  first,  the  rapid  advance  made  in 
certain  departments  of  Structural  Botany  soon  after  that  date,  which 
rendered  a  recasting  of  the  existing  volume  desirable,  and,  secondly, 
the  gradually  strengthening  conviction,  derived  from  experience  in 
lecturing,  that  the  arrangement  of  the  matter  in  the  '  Outlines ' 
was  not  that  best  adapted  for  the  instruction  of  those  for  whose  use 
it  was  intended. 

Notwithstanding  that  the  author's  own  labours  have  been  chiefly 
in  the  field  of  Physiological  Botany,  he  quite  concurs  with  the 
opinion  expressed  by  the  distinguished  authors  of  the  '  Mora  Indica,' 
who  believe  that  disservice  is  done  to  the  cause  of  Botany  by  occu- 
pying the  attention  of  students  in  the  first  instance  with  the  abstract 
parts  of  the  science.  The  largest  class  of  students  of  Botany  are 
those  who  pursue  the  subject  as  one  included  in  the  prescribed  course 
of  medical  education.  One  short  course  of  Lectures  is  devoted  to 
tbis  science,  and  three  months  is  commonly  all  the  time  allotted  to 
the  teacher  for  laying  the  foundations  and  building  the  superstruc- 
ture of  a  knowledge  of  Botany  in  the  minds  of  his  pupils,  very  few 
of  whom  come  prepared  even  with  the  most  rudimentary  acquaint- 
ance with  the  science.  To  direct  the  attention  of  the  student  to  a 
series  of  isolated  facts  and  abstract  propositions  relating  to  the  ele- 
mentary anatomy  of  plants,  is  to  cause  him  to  charge  his  memory  or 
his  note-book  with  materials  in  which  he  can  take  but  little  interest, 
from  his  incapacity  to  perceive  their  value  or  applications.  Some  of 
the  most  important  questions  of  Physiology  are  as  yet  in  no  very 
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advanced  state,  and  the  conflicting  evidence  on  many  of  these  cannot 
be  properly  appreciated  without  an  extensive  knowledge  of  plants. 

But  if  we  endeavour  to  seize  the  floating  conceptions  furnished  by 
common  experience,  and  to  fix  and  define  them  by  a  course  of  exact 
practical  observation  of  the  more  accessible  characters  of  plants 
(showing  the  relations  of  these  as  they  occur  in  different  divisions  of 
the  Vegetable  Kingdom),  we  place  the  student  in  a  position  which 
enables  him  to  proceed  at  once  with  an  inquiry  into  the  peculiarities 
of  the  plants  he  meets  with,  and  in  this  way  to  acquire  a  fund  of 
practical  knowledge,  which  is  not  only  absolutely  requisite  before 
entering  on  abstract  inquiries,  but  is  especially  calculated  to  secure 
his  permanent  interest  in  the  study. 

Physiology  is  undoubtedly  of  the  highest  importance,  and  from 
its  nature  is  that  part  of  the  Science  which,  were  it  not  for  the 
above  difficulties,  would  with  most  advantage  be  taught  by  Lectures. 
If  the  previous  education  of  medical  students  prepared  them,  as  it 
should,  with  an  elementary  knowledge  of  the  Natural  Sciences,  we 
should  make  Physiology  the  most  conspicuous  feature  of  a  course 
of  Botany  in  a  Medical  School.  In  the  meantime  we  subordinate 
it  to  the  other  branches  in  practical  teaching,  and  in  this  volume 
have  dealt  with  it  in  what  we  regard  as  its  proper  place  in  the  order 
of  study. 

A  compendious  manual  of  a  science  makes  peculiar  demands  upon 
the  powers  of  an  author.  Originality  of  matter  has  little  place. 
The  exercise  of  judgment  and  conscientiousness  in  examination  of 
original  sources  are  everywhere  demanded ;  and  these  are  of  course 
most  beneficially  employed  when  they  rest  upon  an  extensive  basis 
of  practical  experience.  Much  care  and  labour  have  been  expended 
in  the  preparation  for,  and  execution  of,  the  present  volume ;  and  the 
author  trusts  that  his  experience  as  a  teacher  may  prove  to  have 
enabled  him  to  produce  a  good  working  text-book  for  the  student, 
from  which  may  be  obtained  a  groundwork  of  knowledge  in  all 
branches  of  the  Science,  without  the  attention  being  diverted  from 
the  more  striking  features  of  the  subject  by  details  comparatively 
unimportant. 

ARTHUR  HENFREY. 

London,  June  1857. 


EDITOR'S  PEEP  ACE. 


The  Editor's  duty  in  superintending  the  publication  of  this  volume 
was  clear,  though  its  execution  has  proved  onerous.  To  revise 
the  whole  work,  to  eliminate  passages  which  the  progress  of  Bota- 
nical Science  had  rendered  obsolete,  to  insert  new  material,  and 
to  endeavour,  as  far  as  circumstances  would  allow,  to  render  the 
book  as  good  an  exponent  of  the  state  of  botany  at  the  present  time 
as  the  previous  edition  was  at  the  date  of  its  publication, — such  was 
the  course  laid  down  to  be  followed.  To  this  end  Professor  Hen- 
frey's  text  has  been  left  intact  in  all  cases  where  this  could  be  done 
without  compromising  its  value.  In  particular  those  portions  which 
have  special  interest  as  embodying  the  results  of  the  lamented 
author's  original  researches  have  been  carefully  retained. 

Little  alteration  and  comparatively  slight  additions  have  been  needed 
in  the  chapters  relating  to  Morphology  and  Physiological  Anatomy. 
The  latter  department  especially  was  so  thoroughly  investigated  by 
the  author  that  it  is  no  matter  for  wonder,  though  assuredly  it  is 
for  congratulation,  that  modifications,  relatively  unimportant,  were 
all  that  appeared  necessary  in  the  portion  of  the  work  devoted  to 
this  subject.  Professor  Henfrey  in  his  lifetime  was  the  almost 
solitary  representative  in  this  country  of  Physiological  Anatomy. 
Certainly  no  Englishman  has  of  late  years  earned  in  this  special 
department  so  well  founded  a  reputation,  and  great  has  been  the 
loss  to  English  science  from  his  premature  decease. 

In  other  sections  the  changes  have  necessarily  been  greater.  The 
systematic  description  of  the  Natural  Orders  has  been  condensed, 
and  to  some  extent  recast,  especially  as  regards  the  Cryptogamia. 
In  his  knowledge  of  this  latter  class  of  plants  the  author  was  also  pre- 
eminent ;  but  the  additions  to  this  department  of  Botanical  science 
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have  been  so  great  and  so  important,  that  considerable  reconstruc- 
tion has  been  necessary  to  bring  the  work  up  to  the  present  time ; 
but  here,  as  elsewhere,  wherever  it  has  been  practicable  to  do  so, 
Professor  Henfrey's  views  have  been  scrupulously  regarded. 

It  will  be  seen  that,  in  the  portions  relating  to  Systematic  Botany, 
frequent  reference  has  been  made  to  the  views  of  Messrs.  Bentham 
and  Hooker  on  the  affinities  of  the  various  families  of  plants.  The 
volume  of  the  '  Genera  Plantarum '  already  published  by  those 
distinguished  botanists,  and  which  it  is  to  be  hoped  will  speedily  be 
followed  by  the  remainder,  has  served  as  a  guide  so  far  as  its  limits 
have  allowed.  In  the  case  of  the  orders  not  included  in  the  above- 
named  volume,  the  Editor  has  availed  himself  of  the  1  Flora  Austra- 
liensis  '  of  Mr.  Bentham,  the  second  edition  of  Dr.  Harvey's  '  Genera 
of  South-African  Plants,'  edited  by  Dr.  Hooker,  as  well  as  of 
manuscript  notes  kindly  placed  at  his  disposal  by  the  latter  gentle- 
man. In  this  manner  it  is  hoped  that  a  general  idea  of  the  views 
of  those  eminent  botanists  as  regards  the  affinities  of  the  larger 
groups  of  plants  may  be  obtained. 

Great  progress  has  been  made  in  matters  pertaining  to  physiology, 
especially  in  Germany  and  Prance,  sinGe  the  publication  of  the 
original  edition ;  and  hence  a  corresponding  amount  of  labour  has 
been  bestowed  by  the  Editor  on  those  portions  of  the  book  allotted 
to  the  consideration  of  those  subjects. 

The  sections  relating  to  geographical  and  geological  botany  are, 
in  a  student's  manual,  necessarily  treated  merely  in  outline ;  and 
hence  they  have  been  left  nearly  as  written  by  the  author,  with  a 
few  requisite  additions  and  modifications. 

By  means  of  careful  condensation,  redisposition  of  material,  and 
different  typographical  arrangements,  a  large  amount  of  new  matter 
and  some  additional  illustrations  have  been  added,  without  materially 
increasing  the  size  of  the  volume.  In  this,  as  in  all  other  matters, 
tho  convenience  of  the  student  has  been  carefully  considered. 

M.  T.  M. 

June  1870. 
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INTRODUCTION. 

SECT.  1.  OBJECTS  AND  SUBDIVISIONS  OF  THE  SCIENCE.  • 

1.  BOTANT  is  that  department  of  Natural  Science  which,  deals 
with  Plants;  a  knowledge  of  it  consists  of  an  acquaintance  with 
a  body  of  accurately  observed  facts  connected  with  the  Vegetable 
Kingdom,  and  with  the  laws  which  have  been  deduced  from  them 
as  expressions  of  the  order  and  relations  in  which  they  present  them- 
selves in  nature. 

No  attempt  is  here  made  to  define  a  plant,  so  as  to  separate  the  abstract 
conception  of  this  kind  of  being  from  that  of  minerals  and  animals ;  for  an 
absolute  and  exact  definition  cannot  be  properly  comprehended  without  a 
familiarity  with  a  large  portion  of  the  matters  which  it  is  the  object  of 
the  present  treatise  to  teach.  At  the  outset  we  must  be  content  with 
the  conception  of  a  plant  furnished  by  the  previous  experience  of  the 
student ;  this  will  be  enlarged  and  at  the  same  time  rendered  clearer  by 
the  study  of  the  following  pages ;  and  after  the  more  important  principles 
of  physiology  have  been  expounded,  something  like  a  satisfactory  defini- 
tion may  be  attempted. 

2.  Botany  is  divisible  into  two  principal  departments : — the  Natural 
History  of  Plants,  which  deals  with  the  characteristic  phenomena 
presented  by  the  individual  kinds  of  plants ;  and  Philosophical  Botany, 
the  object  of  which  is  to  ascertain  the  general  facts  and  laws  which 
may  be  recognized  as  pertaining  to  more  or  less  considerable  as- 
semblages of  plants. 

Philosophical  Botany  represents  the  pure  science ;  and  it  is  with  the 
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departments  of  this  we  have  chiefly  to  do  in  this  work.  The  Natural 
History  of  plants,  which  in  early  times  constituted  the  whole  science, 
resolves  itself,  at  the  present  time,  into  a  number  of  distinct  branches  of 
Applied  or  Practical  Botany. 

3.  Philosophical  Botany  includes  the  following  departments :  

I.  Morphology,  or  Comparative  Anatomy  of  plants,  consisting  of 
the  study  of  the  forms  of  the  organs,  or  physiologically  diverse  parts 
of  plants. 

II.  Elementary  or  Physiological  Anatomy :  the  study  of  the  tissues 
and  the  intimate  structure  of  the  organs. 

"With  these  two  are  conveniently  associated  the  Terminology,  or 
technical  language  of  Botany. 

III.  Physiology :  the  study  of  vital  phenomena,  including  those 
specially  characteristic  of  plants,  and  also  those  which  are  common  to 
the  animal  kingdom,  as  well  as  the  consideration  of  the  general 
eosmical  agents  pertaining  to  the  mineral  kingdom  equally  with 
the  two  others. 

IV.  Classification,  which  is  the  study  of  the  mode  of  placing  the 
kinds  of  plants  in  groups  and  series  of  groups  so  as  to  express  in 
an  abstract  form  their  mutual  relations  and  their  degrees  of  perfec- 
tion in  organization.  This  department  includes  the  Principles  of 
Descriptive  Botany,  and  of  the  Nomenclature  of  kinds  and  classes  of 
plants. 

As  all  natural  science  is  founded  on  experience,  the  exposition  of  the 
laws  and  generalizations  belonging  to  the  foregoing  departments  must 
necessarily  be  accompanied  by  more  or  less  extended  descriptions  of 
matters  of  fact ;  so  that  much  of  the  material  belonging  to  the  Natural 
History  of  Plants,  or  Applied  Botany,  must  be  included  under  these  heads. 
This  is  especially  the  case  in  the  department  of  Classification,  where  on 
minor  groimds  it  is  advisable  to  associate  the  tabular  arrangement  of  the 
groups  with  a  systematic  sketch  not  only  of  tbe  botanical  characters,  but 
of  the  general  history  of  the  principal  Natural  Orders  of  plants. 

4.  Applied  Botany  is  divisible  into  many  departments.  That  most 
closely  connected  with  Philosophical  Botany  is  Descriptive  Botany, 
which  is  the  art  of  describing  the  species  or  particular  kinds  of 
plants  in  technical  language,  in  such  a  manner  that  they  may  be 
readily  recognized  by  botanists.  Special  works  are  commonly  de- 
voted to  this  branch,  and  very  commonly  these  confine  themselves  to 
the  plants  of  a  limited  area,  as  a  particular  country  or  even  province  ; 
such  books  are  called  Floras.  Pharmaceutical  Botany  treats  of  the 
medicinal,  nutritious,  or  poisonous  properties  of  plants.  Vegetables 
possessing  such  properties  are  generally  included  under  the  head  of 
Materia  Medico,  to  which  subject  special  treatises  are  also  devoted. 
Agricultural,  Horticultural,  and  Economic  Botany  arc  often  treated 
as  distinct  subjects  :  the  first  two  are  founded  on  the  application  of 
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the  principles  of  Physiological  Botany  ;  the  last  on  the  astertained 
facts  of  Comparative  and  Elementary  Anatomy,  and  on  the  combina- 
tion of  these  facts  with  chemical  and  mechanical  knowledge. 

None  of  these  departments  of  Applied  Botany  receive  separate  treat- 
ment in  this  work,  although  incidental  reference  is  made  to  them  to 
indicate  the  application  of  the  laws  and  facts  of  philosophical  Botany 
to  them. 

5.  Botanical  Geography  and  Botanical  Geology  (or  Palaiontology) 
are  mixed  studies,  founded  on  the  association  of  the  results  of  pure 
and  applied  Botany  with  those  of  other  sciences :  the  first  is  related 
most  closely  to  Physiological  Botany,  but  has  some  problems  sui 
generis,  to  be  solved  only  by  independent  facts  and  observations  ;  the 
second  has  some  very  interesting  relations  with  the  Scientific  Classi- 
fication of  plants.  These  two  departments  require  a  brief  separate 
treatment  in  a  text-book  of  Botany,  as  applications  of  the  science 
having  a  peculiar  philosophical  interest. 

6.  The  characters  of  the  principal  divisions  of  the  Vegetable 
Kingdom  being  morphological  as  well  as  physiological,  while  those  of 
the  subordinate  divisions  are  almost  purely  morphological,  the  study 
of  the  Physiological  Anatomy  and  the  Physiology  of  Plants  admits  of 
being  postponed  in  an  elementary  course  of  study,  until  after  a 
general  examination  of  the  characters  of  the  Classes  and  Orders  of 
plants  has  been  made, — an  arrangement  which  is  found  very  ad- 
vantageous in  teaching,  since  it  postpones  the  consideration  of 
the  more  abstract  questions  until  the  student  has  made  some  con- 
siderable advance  in  a  general  knowledge  of  Botany. 

In  the  present  work,  therefore,  the  different  departments  are 
treated  of  in  the  following  order  : — 

Part  1.  Morphology,  or  Comparative  Anatomy  of  Plants. 
„   2.  Systematic  Botany. 

„   3.  Physiology,  including  Physiological  Anatomy. 
„   4.  Geographical  and  Geological  Botany. 


SECT.  2.  GENERAL  CHARACTER  OF  THE  METHODS  AND 
MEANS  USED  IN  THE  STUDY  OF  BOTANY. 

7.  The  study  of  the  morphology  of  plants,  to  which  the  first  Part 
of  this  volume  is  devoted,  necessitates  little  more  than  a  supply  of 
fresh  plants,  a  penknife,  and  a  pocket  magnifying-glass  of  moderate 
power .  Roots,  stems,  and  leaves  require  no  preparation ;  and  the 
dissection  of  most  flowers  is  a  very  simple  operation.  The  majority 
of  the  characters  of  many  flowers  may  be  observed  by  simply  re- 
moving successively  the  calyx,  corolla,  and  stamens  with  a  penknife 
and  by  examining  the  pistil  or  pistils  by  perpendicular  and  cross 
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slices.  Perpendicular  sections  of  entire  flowers  arc  very  instructive ; 
and  horizontal  sections  through  unopened  huds,  hoth  of  leaves  and 
flowers,  are  likewise  necessary  for  the  examination  of  the  relative 
position  of  the  organs,  and  of  the  vernation  and  eestivation.  When 
flowers  are  extremely  minute,  and  also  in  the  investigation  of  the 
structure  of  ovules  and  seeds,  the  simple  microscope  becomes  almost 
a  requisite.  This  instrument  consists  essentially  of  a  stand,  pro- 
vided with  a  moveable  arm  supporting  a  magnifying-glass  over  a 
stage  upon  which  the  object  is  laid,  so  that  both  hands  may  be  at 
liberty  for  its  dissection.  The  stage  is  an  open  frame,  upon  which 
a  slip  of  glass  rests,  and  the  object  to  be  examined,  lying  on  the 
glass  slip,  may  be  illuminated  by  a  small  mirror  beneath  sending 
light  through  it,  or  by  a  condensing  lens  at  the  side  bringing  a 
bright  spot  of  converging  rays  upon  it.  The  dissection  is  effected 
with  a  fine  dissecting  scalpel  and  needles:  the  simplest  dissec ting- 
needles  are  made  by  forcing  the  heads  of  sewing-needles  into  the 
cedar  sticks  used  for  camel-hair  pencils,  securing  them  with  a  little 
sealing-wax. 

8.  In  pursuing  the  study  of  Systematic  Botany,  the  same  means 
are  used,  the  only  difference  being  that  the  investigation  of  each 
flower  is  carried  out  in  detail,  so  as  to  ascertain  all  its  characters, 
with  a  view  to  determine  its  special  peculiarities  and  its  relations 
to  other  plants.  It  is  a  very  useful  and  improving  exercise  for  the 
student  to  make  a  thorough  analysis,  and  to  write  down  in  full  the 
characters  of  the  plants  he  meets  with,  before  searching  in  books  for 
their  names,  and  also  to  do  the  same  with  known  plants,  and  then 
to  compare  the  characters  thus  drawn  up  with  those  given  in  au- 
thentic works. 

9.  To  those  who  follow  out  Systematic  Botany  in  detail,  and  wish 
to  gain  acquaintance  with  the  species  of  plants,  it  becomes  necessary 
to  have  access  to  an  Herbarium — that  is,  a  collection  of  plants  so 
dried  that  the  specific  characters,  at  least,  are  preserved.  In  many 
cases,  if  the  drying  has  been  carefully  effected,  the  generic  cha- 
racters may  be  ascertained  by  soaking  the  flowers  in  hot  water, 
when  they  become  softened  and  the  parts  separable,  like  tea-leaves 
after  infusion.  Herbaria  furnish  materials  for  the  comparison  of 
plants,  as  it  is  seldom  that  a  number  of  species  of  one  genus  can  be 
obtained  in  a  fresh  state  at  one  time.  Persons  living  in  the  country, 
and  studying  the  British  plants,  will  find  it  indispensable  to  form  a 
collection  of  dried  specimens. 

Plants  are  dried  by  laying  them  out  smoothly  when  fresh  between 
several  folds  of  paper  (either  stout  blotting-paper,  or,  still  better, 
what  is  called  "  Botanical  paper,"  made  for  the  purpose),  and  sub- 
mitting them  to  pressure  by  means  of  weights  laid  on  a  board.  The 
damp  paper  must  be  frequently  replaced  by  dry  sheets,  and  when 
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the  plants  are  quite  dry,  they  may  he  fixed  to  half-sheets  of  white 
paper,  with  a  little  thin  glue,  or  hy  simply  attaching  them  by  bands 
of  gummed  paper,  or  by  stitching.  The  best  kind  of  paper  is  stout 
white  cartridge,  of  demy  size ;  some  prefer  a  stout  writing-paper, 
rather  smaller,  of  the  same  size  as  lawyer's  "draff-paper.  Only 
one  species  should  be  placed  upon  one  half-sheet ;  the  name  should 
be  written  on  the  lower  left-hand  corner.  The  half-sheets  contain- 
ing the  species  of  a  genus  may  be  placed  in  a  sheet  of  the  same 
paper,  the  name  of  the  genus  being  written  outside,  likewise  at  the 
left-hand  bottom  corner.  These  sheets  may  be  kept  in  drawers  of 
a  cabinet,  or  tied  up  in  bundles,  between  covers  of  stout  pasteboard. 
It  is  advisable  to  poison  the  dried  plants  with  a  solution  of  corrosive 
sublimate  in  spirits  of  wine,  as  some  of  them  are  very  liable  to  be 
devoured,  especially  their  flowers,  by  insects  of  various  kinds.  Plants 
preserved  in  herbaria,  especially  if  rare  or  local  species,  should  always 
have  the  place  where  they  have  been  gathered  carefully  noted. 

10.  The  study  of  the  Elementary  Anatomy  and  the  Physiology 
of  Plants  opens  up  a  far  more  extensive  field  for  the  employment  of 
instruments  and  technical  manipulations. 

11.  First  of  all,  a  compound  microscope  is  an  essential.  For  the 
student,  magnifying-powers  of  1-inch,  -1-inch,  and  |-inch  are  amply 
sufficient,  although  the  more  abstruse  questions  require  the  most 
perfect  and  powerful  instruments  that  can  be  obtained.  For  general 
students'  use  the  binocular  microscope  has  no  advantage  over  the 
ordinary  instrument. 

The  tissues  of  plants  are  observed  for  the  most  part  by  means  of 
extremely  thin  slices  passing  in  various  directions  through  the  struc- 
tures. These  are  usually  best  made  with  a  razor.  Stems,  pieces  of 
wood,  and  other  firm  objects,  when  being  cut,  may  be  held  in  the 
finger  and  thumb  of  the  left  hand  ;  delicate  and  thin  structures,  like 
leaves  &c,  should  be  placed  between  the  two  halves  of  a  split  cork, 
or  rolled  round  the  edge  of  a  cork,  and  the  cork  supported  by  stick- 
ing it  in  the  neck  of  a  vial  or  test-tube,  which  serves  as  a  handle. 
Seeds  and  similar  small  objects  may  be  fixed,  for  slicing,  on  a  piece 
of  white  wax.  Where  it  is  not  imperative  to  examine  the  tissues 
in  situ,  small  portions  may  be  softened  by  boiling  in  water. 

Sometimes  it  is  useful  to  obtain  preparations  by  macerating  the 
softer  tissues,  either  in  water,  or  weak  acids.  In  the  case  of  woody 
structures  recourse  may  be  had  to  an  operation  which  requires  a 
little  care :  a  fragment  of  the  wood  is  to  be  placed  in  a  watch-glass 
with  a  morsel  of  chlorate  of  potash,  to  which  a  drop  or  two  of  nitric 
acid  is  added  by  means  of  a  glass  rod,  the  whole  being  gently  heated 
for  a  minute  or  two,  and  water  being  poured  on  to  prevent  complete 
solution.  The  fragments  macerated  in  any  of  these  ways  being 
placed  on  a  slip  of  glass  beneath  the  simple  microscope,  the  ele- 
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mentary  organs  may  bo  picked  out  with  a  needle  or  extremely  fine 
camel-hair  pencil,  under  a  simple  lens  of  ^-  or  ^-inch  focus,  and  re- 
moved to  a  clean  slide. 

The  thin  slices,  or  the  fragments  of  macerated  tissues,  should  be 
laid  upon  a  slip  of  glass,  a  drop  of  water  added,  and  a  thin  glass 
cover  laid  on.  They  may  then  be  examined  under  the  compound 
microscope.  Objects  of  microscopic  dimensions,  such  as  minute 
Alga),  Fungi,  pollen-grains,  &c.,  require  no  preparation. 

It  is  very  instructive  to  apply  chemical  reagents  of  various  kinds 
to  the  objects  lying  in  water  upon  the  microscopic  slide.  Dilute 
sulphuric  acid  is  often  useful  to  coagulate  protoplasmic  structures, 
and  to  clear  delicate  tissues ;  when  this  is  added  first,  and  afterwards 
solution  of  iodine,  the  younger  cellular  structures  turn  blue,  while 
the  older  ones  become  deep  yellow.  Iodine  alone  colours  starch- 
grains  blue.  Sugar  and  nitric  acid  colour  the  protoplasmic  struc- 
tures red.  These  reagents  may  be  applied  by  means  of  dropping 
from  a  glass  rod  or  fine  tube.  It  is  often  advantageous  to  soak  the 
sections  for  some  hours  in  a  solution  of  pure  carmine  in  ammonia 
diluted  with  water.  The  nuclei  and  cell-contents  become  tinged 
with  the  carmine,  and  can  thus  be  more  readily  distinguished  from 
the  cell-wall.  More  particular  reference  will  be  made  to  them  in 
the  chapters  on  Anatomy.  Microscopic  preparations  of  soft  vegetable 
structures  are  best  preserved  in  glycerine  or  strong  solution  of  chlo- 
ride of  calcium.  Some  objects  are  advantageously  mounted  in  Canada 
balsam  ;  these  must  be  well  dried  first,  and,  for  a  few  days  previously 
to  mounting,  should  be  soaked  in  spirits  of  turpentine. 

Those  who  desire  to  obtain  minute  instructions  on  the  manipula- 
tions necessary  for  the  study  of  Vegetable  Anatomy,  may  consult 
Schacht's  '  Microscope,'  translated  by  Currey,  or  the  articles  on  these 
subjects  in  the  '  Micrographic  Dictionary.' 

In  physiological  investigation  various  pieces  of  philosophical  appa- 
ratus are  requisite.  It  will  suffice  to  notice  these  when  their  appli- 
cations are  mentioned. 


PART  I. 


MORPHOLOGY, 

OR 

COMPARATIVE  ANATOMY. 


CHAPTER  I. 
GENERAL  MOEPHOLOGY. 

12.  The  functions  of  plants  being  comparatively  simple  and, 
to  speak  in  general  terms,  limited  to  those  of  nutrition  and  repro- 
duction, the  physiological  classes  of  organs  are  few.  The  immense 
diversity  which  presents  itself  in  the  Vegetable  Kingdom  depends 
chiefly  upon  varieties  in  the  form  of  organs  performing  similar 
functions.  In  addition  to  this,  the  organs  of  plants  are  displayed 
externally,  not  enclosed  in  cavities,  or  surrounded  by  an  integument 
or  shell  like  that  of  animals,  so  that  the  external  forms  of  plants 
furnish  a  guide  to  the  discrimination  of  their  most  essential  dis- 
tinctive characters. 

Sense  and  voluntary  motion  being  absent  in  plants,  and  their  organic 
life  being  of  a  diffused  character,  they  are  without  the  nervous  system 
and  the  organs  subservient  to  it,  and  without  the  connected  system  of 
blood-vessels,  by  which,  in  the  majority  of  animals,  the  unity  and  inter- 
dependence of  the  nutritive  processes  are  maintained.  Plants  consist 
simply  of  organs  of  absorption,  digestion,  respiration,  and  reproduction, 
all  composed  of  comparatively  uniform  elementary  tissues,  and  supported 
by  a  solid  framework  or  skeleton,  which  is  more  strikingly  developed 
according  to  the  number  of  organs  associated  in  one  community,  and 
more  diverse  in  its  mode  of  construction  according  to  the  variety  and 
complexity  of  the  physiological  kinds  of  organs. 

13.  The  organs  of  plants  arc  not  only  of  few  physiological  kinds, 
but  their  variations  in  form  depend  on  secondary  modifications  of  a 
very  few  fundamentally  diverse  elements.    The  object  of  Vegetable 
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Morphology  is  to  ascertain  what  these  elements  are,  and  to  trace  out 
the  laws  under  which  they  acquire  the  different  forms  which  they 
present  in  fully  developed  plants. 

The  methods  of  Morphology  consist  in  the  comparative  study  of  the 
forms  of  organs  throughout  extensive  series  of  plants,  the  study  of  mal- 
formations arising  from  arrested  or  excessive  growth  (teratology),  and, 
most  important  of  all,  the  study  of  the  progressive  development  of  plants 
from  their  embryonic  forms  {organogeny). 

14.  The  plants  most  familiar  to  uninstructed  persons  belong  to  the 
highest  classes  of  plants,  and  exhibit  the  greatest  morphological 
complexity.  This  complexity  arises  not  from  the  number  of  the 
organs,  but  from  the  more  clearly  defined  limitation  of  the  various 
physiological  functions  to  the  different  organs,  which  are  thus  more 
specialized,  while  at  the  same  time  the  organs  are,  anatomically 
speaking,  more  intimately  combined  together  into  a  connected  whole, 
and  the  reproductive  powers  are  more  individualized  and  concen- 
trated at  particular  centres. 

The  foregoing  may  be  comprebended  by  contrasting  any  ordinary 
Flowering  plant,  baving  distinct  blossoms  and  seed-bearing  fruit,  with  a 
Fern,  where  the  fruit  is  borne  upon  leaves  generally  of  the  usual  cha- 
racter, and  again  with  a  Sea-weed  or  a  Lichen,  in  which  there  is  not 
even  any  distinct  separation  between  stem  and  leaf-structures,  and  no 
leaf-buds  exist. 

15.  In  Flowering  plants  we  readily  distinguish,  in  all  stages  of 
life  beyond  the  very  earliest,  two  distinct  kinds  of  product  of  the 
growth,  viz.  a  stem  or  axis,  and  lateral  organs,  of  various  but  always 
definite  kinds  and  forms,  such  as  leaves  &c,  which  are  unfolded  from 
the  buds  of  this  axis,  and  become  what  we  may  call  its  appendages. 
In  Sea-weeds,  Lichens,  and  Fuugi,  there  is  no  really  similar  diver- 
sity of  parts  ;  the  axis  alone  is  represented,  always  devoid  of  leaf- 
buds,  and  therefore  of  proper  appendicular  organs, — the  axis  itself 
assuming  most  varied  forms,  often  more  or  less  approaching  those  of 
true  leaves,  but  never  exhibiting  a  distinct  separation  into  two  kinds 
of  vegetative  structure  such  as  characterizes  the  higher  plants.  A 
distinctive  name  is  given  to  that  class  of  axes  which  exist  without 
appendicidar  vegetative  organs.  Such  products  as  the  leaf-like  expan- 
sions of  Sea-weeds,  the  scale-like  plates  or  crusts  of  Lichens,  or  the 
flocculent "  spawn  "  of  Fungi,  performing  at  once  the  function  of  stem 
and  root  and  leaf,  represent  what  is  technically  termed  a  thaUus. 
Plants  characterized  by  the  possession  of  this  kind  of  vegetative 
structure  are  called  Thallophyta,  and  are  contrasted  with  all  the 
higher  plants  exhibiting  the  coexistence  of  stem  and  leaf,  which  are 
called  Axophyta,  or  Cormophyta  (from  comvus,  a  stem). 

16.  But  the  Axophyta  are  again  distinguishable  into  two  very 
well-marked  groups,  by  the  characters  of  the  reproductive  organs, 
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•which,  moreover,  connect  the  lower  of  the  two  groups  with  the 
ThaUophyta.  The  Thallophyta  and  the  lower  Axophyta  (including 
Mosses,  Ferns,  and  allied  classes)  are  reproduced  by  spores,  a  simple 
kind  of  seed,  in  which  no  embryo  or  rudimentary  plant  exists  at  the 
period  when  it  is  thrown  off  by  the  parent.  The  higher  Axophyta 
are  reproduced  by  true  seeds,  which  are  far  more  highly  organized 
bodies  than  spores,  and  which  are  especially  characterized  by  the  pre- 
sence of  an  embryo,  or  rudimentary  plant,  which  is  developed  within 
them  while  the  seed  is  still  contained  in  the  parent  fruit.  The  latter 
division  also  is  characterized  by  the  possession  of  flowers,  while  the 
spore-bearing  Axophyta  are  flowerless,  like  the  Thallophyta. 

From  this  crossing  of  the  characteristics,  according  as  we  select  the 
vegetative  or  the  reproductive  organs  as  the  marks  of  our  divisions,  it 
becomes  a  matter  of  choice,  as  it  were,  how  we  shall  define  our  principal 
groups,  in  drawing  up  a  systematic  plan  of  the  Vegetable  Kingdom.  As 
long  as  it  was  supposed  that  the  lower  plants  were  asexual,  it  was  more 
philosophical  to  select  the  vegetative  organs,  as  the  most  general.  Now, 
however,  that  there  is  no  doubt  of  the  existence  of  distinct  sexual  organs 
throughout  all  plants,  it  is  more  correct  to  take  the  reproductive  struc- 
tures for  the  characterization  of  the  higher  groups,  since  they  are  of 
greater  physiological  importance  than  the  vegetative  organs. 

17.  In  the  following  Table  the  primary  groups  are  founded  on  the 
characters  of  the  bodies  by  which  plants  are  reproduced  (seeds  and 
spores).  The  complex  organization  of  seeds  enables  us  to  use  sub- 
ordinate characters  of  the  same  organs  for  futher  subdivision  in  the 
higher  class ;  in  the  lower  group,  however,  the  simplicity  or  uni- 
formity of  the  structure  of  spores  only  allows  us  to  proceed  one  step 
in  this  direction,  and  we  are  forced  to  have  recourse  to  characters 
derived  from  other  sources.  The  mode  of  occurrence  of  the  sexual 
organs  affords  very  good  characters  in  the  higher  Flowerless  plants  ; 
but  with  regard  to  the  Thallophyta,  in  the  present  state  of  our 
knowledge,  we  are  compelled  to  resort  to  characters  of  habit,  which 
however,  mark  out  tolerably  well  the  natural  subdivision  of  these 
plants. 

In  the  following  Table  the  links  placed  at  the  sides  indicate  the  limits 
of  the  groups  known  by  the  names  of  Phanerogamia,  or  Flowering  Plants, 
and  Cryptogamia,  or  Flowerless  Plants,  on  the  one  hand,  and  of  Axophyta 
(or  Cormophyta),  Plants  with  stems,  and  TJudlophyta,  or  Plants  without 
opposition  of  stem  and  leaves. 
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18  By  far  the  greater  portion  of  the  plants  useful  to  man  belong 
to  the  Spermocarpous  division  ;  and  this  includes  also  the  most  conspi- 
cuous and  familiar  forms  of  vegetation.  Hence  it  is  desirable  that 
the  Flowering  plants  should  occupy  a  principal  place  m  an  elemen- 
tary work,  and,  moreover,  that  they  should  be  examined  m  the  first 
instance,  before  the  student  is  led  into  the  study  of  the  more  ob- 
scure and  minute  characters  of  the  Cryptogamia.  But  the  study  of 
Cryptogamous  plants  is  indispensable  to  the  vegetable  physiologist ; 
while  it  forms  an  interesting  department  of  the  morphology  of  plants, 
and  must  receive  a  certain  share  of  our  attention.  It  will  be  found 
most  convenient,  however,  to  leave  the  Cryptogamia  completely  out 
of  view  in  our  preliminary  examination  of  the  morphology  of  the 
Phanerogamia,  reserving  even  the  differential  characters  of  the  two 
great  divisions  until  we  have  completed  the  investigation  of  the 
positive  characters  of  the  Flowering  plants. 


CHAPTER  II. 
MORPHOLOGY  OF  THE  PHANEROGAMIA. 

Sect.  1.  General  Observations. 

19.  In  any  ordinary  Flowering  plant  we  readily  recognize  some 
of  the  most  important  characters  of  the  organization.  Taking  the 
plant  as  a  whole,  we  find  a  stem,  furnished  below  with  roots  to  fix  it 
in  the  ground  and  absorb  nourishment,  and  clothed  above  with  green 
leaves,  which  are  known  to  be  the  organs  of  respiration  and  digestion. 
Taken  together  these  constitute  the  system  of  vegetative  organs,  more 
or  less  complicated  in  their  development  and  arrangement  in  different 
cases,  and  concerned  in  the  nutrition  and  enlargement  of  the  indivi- 
dual plant  (in  the  familiar  sense  of  that  term).  At  certain  seasons 
we  find,  superadded  to  the  foregoing,  a  system  of  organs  constituting 
the  blossom,  and  consisting  of  the  reproductive  organs,  provided  for 
the  production  of  seeds,  the  "  eggs,"  as  it  were,  of  plants,  from  which 
new  independent  individuals  may  be  raised. 

20.  The  blossom,  or  inflorescence,  consists  of  one  or  more  flowers, 
which,  as  will  be  shown  hereafter,  are  composed  of  various  kinds  of 
peculiarly  modified  foliar  appendages,  more  or  less  blended  together 
into  compound  organs.  For  our  present  purpose  it  will  suffice  to 
describe  the  general  and  essential  characters  of  the  parts  found  in 
true  flowers. 
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?V., Tho  outer  covering  of  complete  flowers  consists  of  a  circle  of 
leal-like  organs,  most  frequently  of  green  colour, 
and  often  united  together  below  to  form  a  kind 
of  cup  ;  this  cup  or  circle  of  leaf-like  organs  is 
called  tho  calyx,  and  its  component  parts  are 
the  sepals.  Within  the  calyx  of  complete 
flowers  we  find  one  or  more  circles  of  ordinarily 
larger,  but  more  delicate,  and  generally  brightly 
coloured  leaves ;  these  are  likewise  united  to- 
gether below  in  many  flowers ;  they  form  col- 
lectively the  corolla,  and  the  individual  parts 
are  called  petals. 

Examples  of  the  above  may  be  found  in  the 
Heartsease,  the  Chickweed,  the  Primrose,  &c, 
■where  there  exist  a  green  calyx  and  a  coloured 
corolla.  In  the  Tulip  the  outer  parts  of  the 
flower  consist  of  six  similarly  coloured  organs, 
resembling  ordinary  petals ;  while  in  the  Dock 
they  are  six  greenish  sepal-like  organs.  A  close 
examination  shows,  however,  that  both  kinds  oT^^TT^l 
organs  stand  m  two  circles  of  three,  one  within  of  four  circles  of  organs, 
the  other:  hence  many  authors  regard  them  as  sepal*  petals,stamens,and 
representing  a  calyx  and  corolla  of  like  structure  ;  carpe  s" 
other  authors  give  the  double  circle  the  collective  name  of  perianth  or 
perigone.    These  irregularities  will  be  treated  of  more  at  length  hereafter. 

22.  The  calyx  and  corolla  have  no  essential  share  in  the  produc- 
tion of  the  seeds ;  they  merely  surround  and  protect  the  more  im- ' 
portant  organs,  either  temporarily,  or  as  entering  more  or  less  into 
the  composition  of  the  fruit.  The  collective  term  floral  envelopes  is 
therefore  commonly  applied  to  the  calyx  and  corolla  taken  together ; 
and  either  one  or  both  of  these  may  be  absent  in  flowers  which  are 
perfectly  capable  of  producing  seeds. 

23.  Within  the  petals  are  placed  the  stamens,  or  male  organs  of 
flowers,  consisting  of  more  or  less  club-shaped  bodies  called  anthers, 
usually  supported  upon  thread-like  stalks  called  filaments.  The 
essential  character  of  an  anther  is  that  it  contains,  and  ultimately 
discharges,  the  fine  dust-like  fertilizing  globules  called  pollen. 

24.  The  centre  of  the  flower  is  occupied  by  the  pistil  or  jiistils,  the 
female  or  seed-bearing  parts  of  the  flower.  Pistils  are  formed  of 
foliar  organs  corresponding  to  sepals,  petals,  and  stamens,  and  called 
carpels ;  but  these  are  not  always  so  readily  distinguishable,  on 
account  of  their  varying  number  and  degree  of  union,  consequent 
upon  their  being  crowded  at  the  apex  of  tho  flower-stalk.  The 
distinguishing  character  of  a  carpel  is  that  it  bears  ovules  or  rudi- 
mentary seeds. 

25.  As  tho  stamens  furnish  the  pollen  by  which  the  ovules  are 
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rendered  fertile,  the  two  sets  of  organs,  stamens  and  carpels,  are  con- 
sidered as  essential  organs  of  flowers,  without  which  the  purpose  of 
the  whole  structure  could  not  he  performed. 

In  some  flowers,  such  as  those  of  the  Hydrangea  and  the  Snowball-bush 
(Viburnum  Opuhes),  there  is  a  tendency  in  cultivation  to  the  abortion  of 
the  stamens  and  pistils ;  so  that  the  flowers  become  neuter,  or  totally- 
barren.  But  in  many  plants  it  is  the  natural  condition  for  the  stamens 
to  occur  in  distinct  flowers  from  the  pistils,  so  that  the  individual  flowers 
are  imperfect,  male  or  female ;  we  have  examples  of  this  in  the  plants 
of  the  Cucumber  family,  and  also  in  most  of  our  native  forest-trees,  such 
as  the  Oak,  Beech,  Hazel,  Poplar,  &c,  where  the  staminate  and  pistillate 
flowers  are  collected  in  separate  bunches  or  catkins,  of  which  the  stami- 
nate fall  off  soon  after  the  pollen  has  been  discharged. 

26.  The  carpels,  the  essential  organs  of  a  female  flower,  present 
themselves  in  two  conditions  in  Flowering  or  Seed-bearing  plants ; 
and  these  two  conditions  form  the  basis  for  the  primary  subdivision 
of  this  group. 

27.  In  by  far  the  majority  of  flowers  the  carpels  are  folded  up  so 
as  to  form  hollow  cases,  in  the  interior  of  which  the  ovules  are 
enclosed.  In  such  instances  the  pistil  is  divisible  into  regions,  of 
which  the  lower  hollow  portion,  called  the  ovary,  is  the  most  impor- 
tant; very  frequently  a  stalk-like  process,  the  style,  is  prolonged 
upward  from  its  summit,  terminating  above  in  a  more  or  less  thick- 
ened head,  called  the  stigma,  which  marks  the  position  of  an  orifice 
leading  down  through  the  tubular  style  into  the  cavity  of  the  ovary. 
In  many  cases  the  stigma  is  seated  immediately  upon  the  top  of  the 
ovary,  without  an  intervening  style  (Poppy,  Tulip).  Plants  bear- 
ing their  ovules  in  such  closed  ovaries  are  called  Anaiospermous.  or 
covered-seeded. 

28.  In  Pines,  Firs,  the  Yew,  Juniper,  and  in  the  exotic  family  of  J 
the  Cycads,  the  sexual  organs  occur  in  distinct  flowers ;  and  these 
flowers  are  not  only  devoid  of  proper  floral  envelopes,  but  reduced 
respectively  to  single  stamens  and  single  carpels,  mostly  collected 
into  male  and  female  cones.  The  anthers  of  the  male  cones  produce 
pollen,  and  the  carpels  of  the  female  cones  produce  ovules  ;  but  the 
carpels  occur  in  the  form  of  open  scales,  and  the  ovules  are  borne, 
naked,  upon  the  surface  or  the  free  margins  of  the  carpels,  so  that 
the  pollen  reaches  them  at  once,  without  passing  through  a  stigma 
and  style.  Plants  with  flowers  of  this  kind,  with  which  are  asso- 
ciated many  peculiarities  in  the  mode  of  development  of  the  embryos, 
are  called  Gi/mnospermous.  or  naked-seeded. 

Much  difference  of  opinion  still  exists  among  botanists  as  to  the  true 
nature  of  the  female  flower  in  Gymnosperms ;  but  for  the  present  the  above 
explanation  will  suffice  for  the  student. 


.  The  Angiospermia,  comprehending  the  great  body  of  the 
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Flowering  plants,  are  separable  into  two  very  natural  groups,  which 
are  plainly  distinct  in  the  mass,  although  many  complex  relations  exist 
between  them.  Distinctive  characters  of  the  two  divisions  may  be 
found  in  many  parts  of  the  organization  of  the  majority  of  the 
plants  ;  but  the  most  general  difference  is  that  which  occurs  in  the 
structure  of  the  embryo  contained  within  the  seed. 

30.  In  one  division  we  find  that  the  seeds,  with  few  exceptions, 
contain  an  embryo  in  which  we  may  distinguish  two  rudimentary 
leaves,  or  cotyledons,  applied  face  to  face,  and  having  the  terminal 
bud,  or  growing-point  of  the  stem,  enclosed  between  them.  In  the 
other  division  the  embryo  presents  but  one  cotyledon,  or  seed-leaf, 
more  or  less  rolled  round  the  bud,  like  a  sheath.  The  plants  of  the 
first  division  are  called  Dicotyledonous,  those  of  the  second  Monoco- 
tyledonous. 

The  character  of  Dicotyledonous  seeds  may  be  readily  examined  by 
soaking  in  hot  water  a  common  Bean,  a  Turnip-seed,  and  an  Almond,  and  by 
stripping  off  the  skins,  the  embryo  forming  in  these  cases  the  entire  seed. 
The  character  of  Monocotyledonous  seeds  may  be  seen  by  cutting  in  half 
(longitudinally)  an  Oat,  wherein  the  embryo  may  be  seen  to  He  at  one 
side  of  the  base  of  the  seed,  the  great  mass  of  which  consists  of  mealy 
endosperm ;  or  the  little  cylindrical  embryo  of  the  Cocoa-nut  may  be  found 
imbedded  in  the  edible  substance  opposite  to  one  of  the  three  large  black 
spots  at  one  end  of  the  shell.  The  structure  is  still  more  distinct,  from 
the  absence  of  endosperm,  in  certain  water-plants,  such  as  Potamogeton, 
Alisma,  and  others.  The  character  founded  upon  the  embryos  is  not 
absolutely  distinctive  of  these  divisions,  since  in  some  cases  we  have  em- 
bryos without  distinct  cotyledons,  as  in  the  Orobanchacese  among  Dico- 
tyledons, and  in  the  Orchidacese  among  Monocotyledons;  but  the  re- 
maining characters  of  the  respective  divisions  are  well  marked  in  these 
cases,  and  the  exceptions  are  fewer  in  this  respect  than  in  any  other  that 
can  be  selected. 

31.  Dicotyledons  and  Monocotyledons  are  naturally  divided  from 
each  other  by  the  general  characters  of  their  mode  of  germination, 
the  structure  of  their  stems,  the  arrangement  of  the  skeletons  of  their 
leaves,  and  the  number  of  organs  in  the  circles  of  the  flowers.  These 
distinctive  characters  may  be  made  clear  by  contrasting  them  in  a 
Table  :— 

Dicotyledons.  Monocotyledons. 

Germination.— -The  radicle j^jropt-  The  radicle  neverjjevfjopcd ; 
end  of  the  embryo  is  developed  the  roots  lat  eral.,  pushed  out 
into  a  tap-root.    (Exorrhizaj.)       through   the  base  of  the 

cotyledon.  (Endorrhizas.) 


Stems. — The  bundles  of  woody  sub- 
stance collected  into  a  closed 
circle  round  a  central  pith,  and 


The  bundles  of  woody  sub- 
stance always  remaining  iso- 
lated, and  ccasiug  to  grow 
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retaining  vitality  on  the  outer 
side,  by  which  they  produce  a 
new  layer  of  wood  every  season 
of  growth.  (Exogens.) 

Leaves. — The  skeleton  of  the  leaves 
formed  of  repeatedly  branched 
and  reticulately  anastomosed 
fibres  (net-ribbed). 

Flowers. — Sepals,  petals,  and  sta- 
mens, and  more  rarely  carpels, 
generally  five  or  some  mu  Itiple 
of  five. 


at  the  fall  of  the  leaf  with  ' 
which  they  are  connected. 
(Endogens,  so  called  from  a 
'mistaken  viewof  4heir  struc-ri 
ture.)  I 

The  skeleton  of  the  leaves! 
formed  of  a  number  of  equal, 
simple,  and  nearly  inde- 
pendent fibres,  connected 
only  by  slender  cross  fibres 
(parallel-ribbed). 

Sepals,  petals,  stamens,  and 
carpels,  generally  three  or 
some  multiple  of  three. 


It  may  be  said  that  the  importance  of  the  above  characters  is  about  in 
the  order  in  which  they  stand  in  the  above  Table ;  but  the  character  derived 
from  the  leaves  is  far  more  general  in  the  Dicotyledons  than  it  is  in  the 
Monocotyledons,  while  the  reverse  is  the  case  in  regard  to  the  character 
of  the  flowers,  which  is  very  constant  in  the  Monocotyledons,  while  the 
number  four,  and  even  three,  is  far  from  rare  in  the  Dicotyledons. 

32.  The  ripe  seed  of  the  Gymnospermia  is  very  much  like  that  of 
Dicotyledons ;  but  the  leaves  of  the  embryo  are  either  more  numerous, 
or,  if  but  two  are  present,  they  are  slit  into  lobes,  whence  these  plants 
have  been  called  Polycotyledonous. 

33.  The  germination  of  the  seed  of  all  the  Spermocarpia  or  Flower- 
ing plants  consists  in  the  emergence  of  the  embryo,  more  or  less 
completely,  from  the  seed,  and  in  the  unfolding  of  its  rudimentary 
vegetative  organs,  the  radicle,  the  cotyledonary  leaf  or  leaves,  with 
the  stem  connecting  them,  and  which  terminates  above  in  a  little  bud 
called  the  plumule ;  the  subsequent  unfolding  of  the  plumule  gives 
birth  to  the  first  true  leaves.  Here,  then,  we  have  represented  all 
the  kinds  of  organs  of  vegetation  which  will  form  the  first  objects 
of  our  investigation,  namely  the  root,  the  stem,  and  the  leaf,  together 
with  the  buds,  or  compounds  of  rudimentary  stem  and  leaves,  which 
occur  at  all  growing-points  of  the  plants  possessing  these  organa 
(Axophyta)  (fig.  2). 

m  The  phenomena  of  germination  may  be  conveniently  observed  by  sow- 
in"'  some  Tumip-seeds  and  Oats  in  a  saucer  of  moist  sand  covered  bv  a 
bell-glass.  J 
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Sect.  2.  The  Root. 


34.  The  root  may  be  described  in  general  terms  as  the'descending 

iflpss  nnrrinn   nf  +Vi«  +V.„  »,  1»  ±:_  _    ,i  .jTTTi 


leafless  jj 


portion,  of  the  axis^or  the  prolongation  downward  of  that 
1  body  the  opposite  extremity  of  which  is  directed  upwards 


and  bears  the  leaves  and  reproductive  organs  (fig.  2).  Another 
character  of  general  although  not  of  universal  application  is,  that  it 
is  the  part  of  the  plant  which  penetrates  into  the  soil,  and  which 
serves  at  once  as  the  principal  organ  of  attachment  and  of  nutrition. 

Fig.  3. 


Fig.  2. 


A  seedling  Dicotyledonous  plant, 
with  an  ascending  and  a  de- 
scending axis. 


lily  of  the  Valley  ( Convallaria  majalis), 
with  a  subterraneous  creeping  stem 
and  adventitious  roots. 


The  statement  that  roots  descend,  is  subject  to  slight  formal  exceptions 
in  the  cases  of  the  lateral  ramifications  of  roots,  and  of  the  lateral  roots 
formed  by  parasitical  and  by  certain  climbing  plants,  which  often  retain 
their  original  direction,  making  a  more  or  less  obtuse  angle  with  the  stem 
from  which  they  rise.  These  trifling  exceptions  are  far  less  noticeable 
than  the  deviation  of  the  stem  from  its  general  character  as  the  ascending 
part  of  the  axis,  since  in  a  large  number  of  perennial  plants  the  direc- 
tion of  the  main  stem  is  constantly  horizontal ;  stems  of  this  kind  are  of 
frequent  occurrence  among  perennial  herbaceous  plants,  and  are  ordinarily 
termed  by  gardeners  "  creeping  roots ; "  for  example,  those  of  the  Lily  of 
thp  Valley  (fig.  3),  Garden  Flag,  Couch  Grass,  &c. 

I  35.  The  true  root  exists  in  a  rudimentary  form  (as  the  radicle) 
in  an  early  stage  of  the  existence  of  all  plants  forming  steins ; 
but  the  original  radicle,  the  real  inferior  extremity  of  the  axis,  is 
only  developed  into  an  actual  root  in  the  Dicotyledons;  in  the 
Monocotyledons,  and  in  the  stem-forming  Flowerlcss  plants  (such  as 
tho  Ferns),  the  radicle  isabortive.jand  the  efficient  roots  are  really 
lateral  organs,  comparable,  in  a  certain  way,  to  the  leaves  upon 
the  ascending  part  of  the  stem.   Where  the  primary  radicle  is  devc- 
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Root  of  the  Mallow  (Malva 
rotundifolia). 


loped,  -we  have  a  true  or  axial  root  (fig.  4) ;  but  the  roots  which  are 
produced  from  the  sides  of  stems  are  termed 
adventitious  roots  (fig.  3). 

The  axial  root  may  be  seen  well  in  any  seed- 

Iling  Dicotyledonous  plant,  as  in  a  young  ygan 
or  Turnip  ;  and  by  watching  the  germination  of 
a  few  seeds  of  such  plants,  the  development  of 
the  radicle  into  the  axial  root  may  be  readily 
traced.  The  axial  nature  of  the  root  is  clearly 
evident  in  the  full-grown  plants  of  most  annual 
garden  species  of  Dicotyledons ;  and  in  shrubby 
and  arborescent  perennials  of  this  class  the  axial 
root  is  persistent,  growing  by  annual  increase 
into  a  large  woody  mass,  proportionate  to  that 
of  the  ascending  stem  or  trunk. 

The  orig-in  of  adventitious  roots  may  be  ob- 
served in  germinating  seeds  of  Monocotyledon- 
ous  plants,  such  as  grains  of  Oats,  Wh^at,  &c. ; 
\xbut  their  essential  character  may  be  still  more 
clearly  distinguished  in  plants  which  form  ad- 
ventitious roots  on  well-developed  stems  and 
bud-like  structures.  The  fibrils  which  sprout 
from  the  joints  of  the  stems  of  numerous  creep- 
ing plants  (Ground-Ivy,  Mint,  Sand-Sedge,  Sec), 
the  clamping7oofs"oi  ivy-stems,  the  roots  of  an 
Onion-bulb,  &c.  afford  familiar  examples  of  adventitious  roots. 

36.  Axial  roots  branch,  apparently  by  a  kind  of  bifurcation  of  the 
growing  point  or  points,  and  they  vary  to  a  certain  extent  in  the  rela- 
tive development  of  their  parts.  "Where  the  branches 
are  comparatively  small  and  the  central  axis  is  both 
thick  and  considerably  elongated,  the  root  is  called 
iftnLa,  tay-root  (fig.  5)  ;  where  the  branches  are  deve- 
loped so  that  the  principal  axis  is  lost  as  it  were  in 
its  own  ramifications,  the  root  is  called  -fibrous 

(%.  4).   

The  branches  of  the  root  are,  in  the  first  instance, 
regularly  arranged  in  rows  one  above  another. 
The  number  of  rows  varies  in  different  cases  ;  and 
the  regularity  of  disposition  is  soon  lost. 

When  the  tap-root  exists  in  herbaceous  plants,  it 
often  exhibits  a  more  or  less  succulent  character,  and 
becomes  a  tiiba-ous  tap-root  as  in  the  biennial  Turnip, 
Carrot,  Beet,  &c,  where  this  organ  is  peculiarly  de- 
veloped in  the  first  season  of  growth,  to  serve  as  a 
reservoir  of  nutriment.  The  tendency  of  such  plants 
to  exhibit  this  character  in  excess  under  the  influ- 
ence of  stimuli,  renders  them  extremely  valuable  for 
economic  purposes.  The  fibrous  rootlets  upon  the  sur- 
iace  of  tuberous  tap-roots,  like  the  Carrot,  Parsnip,  &c,  appear  to  be 


Fusiform  Tap-root  of 
the  Carrot  (Daucus 
Curota). 
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Fig.  6. 


mostly  true  branches.  A  distinction  is  made  in  describing  tuberous  roots 
between  those  which  are  fusiform,  as  in  the  Carrot,  and  those  which  are 
WPiform,  as  m  the  Turnip.  ~A  woody  tap-root  is  found  in  many  forest 
trees,  as,  for  example,  in  the  Oak ;  but  here  the  branches  share  more 
extensively  in  the  increase  of  size,  and  their  direction  tends  more  to  the 
horizontal.  Fibrous  roots  are  particularly  characteristic  of  plants  °rowin°- 
in  light  and  sandy  soils ;  the  perennial,  woody  forms  are  especiall\'°eharac- 
teristic  of  shrubby  Dicotyledons. 

In  general  terms  it  may  be  stated  that  the  form  assumed  by  the  roots, 
whether  true  or  adventitious,  is  in  direct  relation  to  the  medium  in  which 
they  grow  and  the  purposes  they  have  to  serve. 

37.  Adventitious  roots  (fig.  6) 
alone  occur  upon  Monocotyledons 
and  Flowerless  plants,  since  their 
radicles  are  never  developed;  they 
are  also  necessarily  the  only  kind 
which  can  occur  upon  specimens  of 
Dicotyledonous  plants  which  have 
beenraised,  no|  from  seeds,  but  from 

j cuttings,  layers,  tubers.  &c.  They 
arise  from  the  side  of  the  stem  which 
gives  birth  to  them,  and  mostreadily 
in  the  vicinity  of  buds  or  leaves. 

They  take  their  origin  from  the 
cambium-region,  lying  beneath  the 
epidermis,  lind,  or  bark  of  the  stem,  TuftofflbrousadventitiousrootsofaGrass. 
and  break  their  way  out  through  this,  raising  up  a  more  or  less  evident 
and  persistent  rim,  termed  the  "  coleorhiza "  or  root-sheath;  and  when 
they  decay,  they  leave  a  scar  in  the  form  of  an  orifice  at  the  point  where 
they  emerged.  These  scars  are  obliterated  by  bark-structure  in  woody 
Dicotyledons ;  but  in  creeping  rhizomes,  bulbs,  &c.  they  are  persistent. 
Adventitious  roots  of  Dicotyledons  appear  to  branch  in  the  manner  of 
axial  roots ;  but  the  branches  of  the  adventitious  roots  of  Monocotyledons 
are  adventitious,  and  exhibit  a  coleorhiza. 

38.  Adventitious  roots  are  very 
variable  in  form  and  consistence. 
They  may  be  fibrous  (fig.  6),  or 
tuberous,  and  are  not  uncommonly 
of  intermediate  character  in  the 
Monocotyledons,  consisting  of  more 
or  less  thick  fleshy  fibres.  Either 
the  fibrous  or  tuberous  form  may 
occur  exclusively  in  groups  of  ad- 
ventitious roots,  or  such  groups 
may  contain  roots  or  rootlets  of 
both  kinds.  In  arborescent  Mono- 
cotyledons the  adventitious  roots 

.  i     t_  j  i  Faseieulnte  adventitious  roots  of  KanuneuJm 

acquire  a  woody  character  and  great    Ficaria,  partly  abrous,  partly  tuberous. 


Fig.  7. 
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size ;  in  herbaceous  Monocotyledons  they  are  commonly  annual,  or,  if 
tuberous,  biennial. 

The  Jibrons  adventitious  roots  of  Monocotyledons  are  generally  soft, 
much  elongated,  and  little  divided,  like  those  at  the  base  of  bulbs  of  the 
Hyacinth,  Onion,  &c.  (fig.  16).  A  mixture  of  fibrous  and  tuberous  adven- 
titious roots,  forming  what  is  called  a  fasciculate  root,  occurs  in  Hemero- 
callis,  and  in  Ranunculus  Ficaria  (fig.  7).  A  peculiar  modification  of  this 
structure  is  found  also  in  most  terrestrial  Orchids.  In  Spircea  Filipendula 
the  fibrous  roots  exhibit  tuberous  thickenings  at  intervals. 

39.  The  youngest  parts  of  rootlets,  whether  branches  of  axial  roots 
or  adventitious  roots,  often  exhibit  a  coat  of  delicate  cottony  hairs,  or 
fibrillce,  which  are  thread-like  growths  from  the  epidermis,  and  are 
thrown  off  in  perennial  roots  when  the  epidermis  gives  place  to  the  rind. 

These  Jibrils  must  be  distinguished  from  the  ultimate  ramifications  of 
the  root  itself,  which  are  sometimes  very  fine.    Their  nature  will  be  ex- 
plained under  the  head  of  the  Anatomy  of  Roots.   Examples  may  be  found 
in  potted  Geraniums  (Pelargonium),  Heaths,  &c,  or  in  the  roots  of  many 
Monocotyledonous  bulbous  plants  and  Grasses  growing  on  light  soils.  ^ 
//AO.  Roots  of  ordinary  plants  bury  themselves  in  the  soil ;  those  of 
water-plants,  usually  more  succulent  in  their  texture,  penetrate  the 
mud,  as  in  the  Water-lilies,  or  hang  freely  down  in  the  water,  as  in 
Duckweed  and  the  "Waterprowfoot.  A  number  of  plants  exhibit  what  I 
are  called  aerial  roots,  which  are  always  adventitious  ;  and  these  may  \ 
be  either  the  sole  radical  organs  of  the  plant,  or  roots  developed  high 
above  the  ground  but  growing  down  to  reach  the  soil,  or  they  may 


Fig.  8. 
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bo  converted  into  organs  of  support  for  a  -weak  stem.  In  true  para- 
sitical plants  the  roots,  more  or  less  developed,  attach  themselves  to, 
and  become  organically  blended  with  the  roots  or  stems  of  other  plants. 

The  plants  called  mwJmtfs.  such  as  the  aerial  Orchids,  various  Araceous 
plants,  and  members  of  the  Pine-apple  family,  are  possessed  of  aerial  roots 
alone.  The  stem  of  such  plants  rests  upon  some  foreign  body,  such  as  the 
branch  of  a  tree,  totally  unconnected  with  the  earth,  and  produces  lone 
adventitious  roots  which  hang  suspended  in  the  atmosphere,  from  which 
they  absorb  their  food  in  the  state  of  vapour.  Roots  developed  in  the  air, 
and  subsequently  descending,  present  themselves  in  various  conditions. 
One  of  the  most  remarkable  is  that  which  is  observed  in  the  Mangroves 
(fig.  8)  ("Rhizophoraceseb  where  the  seed  germinates  in  the  fruit  while 
the  latter  is  still  atiached  to  the  tree,  and  drops  down  its  long  radicle 
until  it  reaches  the  mud  in  which  these  trees  grow,  so  that  the  stem  of 
the  young  plant  is  enabled  to  establish  itself  firmly  in  the  uncertain  soil 
before  it  detaches  itself  from  the  parent.  This  is  an  axial  root.  In  the 
Banyan  tree  (Ficus  indica)  adventitious  roots  are  frequently  developed 
on  the  branches,  which,  descending  to  the  earth,  penetrate  into  it  and 
become  supporting  columns,  which  ultimately  assume  the  appearance  of 
trunks,  and  give  the  tree  the  appearance  of  a  group  or  even  a  grove  of 
trees  united  together  at  their  heads.    The  roots  of  the  arborescent  Mono- 


Fig.  9. 


Pandanus  odoratwinuts,  the  Screw-pine,  with  adventitious  roots  supporting 
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cotyledons  partake  to  a  certain  extent  of  the  same  character;  and  those 
of  Palm-trees  are  observed  to  arise  successively  one  above  another  in  a 
spiral  course  near  the  base  of  the  stem,  growing  outwards  and  downwards 
to  penetrate  the  ground,  the  older  ones  ultimately  decaying.  In  the 
Screw-pines  (Pandanus),  plants  growing  on  the  shores  of  the  Indian 
BlHWfe  (fig.  9),  tmsTs  still  more  striking  and  distinct,  as  the  spiral  line 
which  they  form  is  more  open,  and  the  roots  arise  for  a  long  way  up  the 
stem;  here  also  the  older  roots  and  the  base  of  the  stem  decay,  so 
that  the  whole  plant  comes  to  be  supported  by  the  lateral  adventitious 
roots,  as  on  so  many  props.  Aerial  roots  becoming  organs  of  attachment 
may  be  seen  in  the  climbing  stems  of  Ivy,  of  the  garden  Bignonia  (Tecoma 
radicans),  &c. 

Parasitic  plants  developed  from  seeds  present,  in  their  earliest  stages,_a 
radicle  which  in  some  cases  becomes  developed,  in  others  not,  or  only  in 
a  peculiar  manner.  Some  germinate  in  the  usual  way,  in  the  earth,  and 
their  roots  seek  out  those  of  their  proper  nurse-plants,  to  which  they 
attach  themselves  organically,  either  superficially  or  by  penetrating  deeply 
into  the  interior ;  in  such  cases  they  may  be  wholly  parasitic,  as  in  the 
leafless  Broom-rapes  (Orobanchacece),  or  only  partly  dependent,  as  in 
Thesium,  Rhinanthus,  and  Melampyrum.  Others  germinate  in  the  usual 
way  in  the  soil;  but  their  young  stems  attach  themselves  to  those  of 
other  plants  by  adventitious  roots  developed  at  the  points  of  contact,  while 
the  lower  part  of  the  parasite,  connected  with  the  ground,  soon  dies  away, 
as  in  the  Dodder  (Cuseuta).  The  woody  parasites,  Mistletoe  (  Vjscum), 
Myzodendron,  and  otilersj  are  developed  from  seed  upon  the  spot  where 
they  are  attached.  In  the  Mistletoe,  the  seed  clings  by  its  viscid  pulp  ; 
in  Myzodendron  by  coiled  hairy  arms ;  and  when  the  radicle  sprouts,  it 
drives  its  way  through  the  rind  of  the  nurse  plant  until  it  reaches  the 
cambium  layer,  where  it  connects  itself  organically,  becoming  grafted 
exactly  like  a  budded  rose.  No  further  development  of  root-structure 
occurring  here,  the  full-grown  plant  appears  rootless,  and  like  a  branch  or 
graft  upon  the  nurse  tree.  The  earlier  stages  ef  growth  of  the  Rhizanthese, 
root-parasites  composed  chiefly  of  inflorescence,  are  not  known ;  probably 
they  are  analogous  to  those  of  Viscum  in  the  first  instance,  but  with  the 
addition  of  horizontal  growths  of  stem-structure  beneath  the  bark  of  the 
nurse-plant.  ^^gm^ 

41.  Roots,  as  a  general  rule,  are  destitute  of  leaf-buds,  which  fact  1 
serves  to  distinguish  them  from  rhizomes  or  root-stocJcs  (stems).  I 
But  under  certain  circumstances,  roots,  as  indeed  every  part  of  the 
vegetable  structure,  may  be  made  to  form  buds,  but  always  from  the 
sides,  never  from  the  end  as  in  stems.  Some  trees  are  especially  prone 
to  this,  and  may  be  propagated  by  cuttings  of  the  root,  such  as  Pyrus 
japonica,  Madura  aurantiaca,  the  Plum-tree,  &c.  The  root  of  the 
Anemone  japonica  likewise  produces  buds  very  readily. 

Sect.  3.  The  Stem. 

42;  The  stem  is  the  ascending  portion  of  the  axis  of  a  plant  l 
(fig.  2).    It  is  characterized  by  its  growth  taking  place  in  a  direc- 
tion contrary  to  that  of  the  roots,  and  by  bearing  on  its  sides  regu- 
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!  larly  arranged  leaves'or  modifications  of  leaves,  forming  the  lateral 
or  appendicular  organs. 

An  exception  to  the  ascending  growth  occurs  in  the  case  of  creeping 
stems,  where  the  main  axis  takes  a  more  or  less  horizontal  position  j  but 
the  first  shoots  of  such  plants,  developed  from  their  seeds,  ascend,  and  the 
secondary  axes,  which  bear  the  efficient  leaves,  assume  the  erect  position, 
as  is  seen  in  the  tufted  habit  of  growth  of  plants  with  a  subterraneous 
main  stem. 

43.  Every  stem  is  developed  from  a  bud,  which  consists  of  a 
conical  rudiment  of  the  stem  bearing  rudimentary  leaves  crowded 
upon  its  sides.  The  primary  bud  of  the  stem  of  Flowering  plants 
presents  itself  as  the  plumule,  (fig.  2)  of  the  embryo  :  and  so  long  as 
this  axis  continues  to  grow,  a  bud  (the  terminal  bud)  is  found  at  its 
extremity.  The  branching  of  a  stem  depends  upon  the  development 
of  lateral  buds,  which  as  a  general  rule  appear  only  in  the  axil  or 
upper  angle  between  the  base  of  a  leaf  and  the  stem,  whence  they 
are  called  axillary  buds. 

There  is  in  many  embryo  plants  a  small  portion  of  the  axis  intermediate 
in  structure  as  in  position  between  the  true  root  and  the  true  stem  (fig.  2). 
This  "  hypocoti/ledonam  axis"  often  gives  offshoots,  by  which  it  inay  be  dis- 
tinguished from  roots ;  moreover  it  is  either  cylindrical  or  tapers  upwards, 


while  a  root  tapers  in  the  opposite  direc 
tion.    This  hypocotyledonary  axis  forms 
the  trunk  of  the  extraordinary  plant 
called  Welwit.schia.  hereafter  described. 

44.  The  place  whence  a  leaf  arises 
marks  the  position  of  a  structural  re- 
gion endowed  with  special  physiolo- 
gical activity ;  it  defines  externally  a 
point  where  the  internal  tissues  have 
a  peculiar  arrangement.  Hence  a 
particular  name  is  applied  to  it,  that 
of  node  ;  sometimes  a  kind  of  articu- 
lation of  the  stem  occurs  at  this  point, 
but  not  as  a  general  rule.  The  in- 
tervals between  the  points  of  origin 
of  leaves  are  called  the  internodes. 
In  buds,  the  internodes  are  not  yet 
developed.  In  a  large  majority  of 
ascending  stems,  the  internodesbecome 
considerably  developed,  so  that  the 
leaves  ultimately  appear  stationed  at 
distinct  intervals.  In  many  subter- 
ranean stems,  at  the  lower  part  of 
the  stems  of  many  herbaceous  plants 
(fig.  10),  and  in  the  trunks  of  many 


Fig.  10. 


Diagram  of  l'lantago  media  bearing 
leuves  crowded  on  a  stem  with  unde- 
veloped internodes. 
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of  the  arborescent  Monocotyledons,  the  internodes  never  become  much 
lengthened,  and  the  leaves  in  consequence  appear  closely  packed  and 
more  or  less  overlapping  in  the  full-grown  plants. 

The  relative  development  of  the  internodes  is  next  in  importance  to 
the  order  of  arrangement  of  the  axillary  buds,  in  affecting  the  general 
forms  of  stems.  A  clear  idea  of  the  conditions  may  be  obtained  by 
examining,  in  the  first  instance,  what  occurs  in  the  unfolding  of  the  bud 
of  such  a  tree  as  the  Horse-chestnut.  In  the  bud  the  enveloping  scales, 
the  rudimentary  leaves,  and  even  the  blossom  may  be  distinguished, 
crowded  on  the  undeveloped  axis.  As  the  leaves  emerge  and  expand, 
they  become  separated  from  each  other  by  the  elongation  of  the  inter- 
nodes of  the  stem,  until  at  length  they  stand  at  considerable  distances 
along  the  sides  of  a  shoot  several  feet  long.  This  may  be  illustrated  by 
comparing  it  to  the  separation  of  the  joints  of  a  telescope,  when  its 
lengths  of  tubes  are  successively  pulled  out.  Examples  of  permanently 
undeveloped  internodes  are  seen  in  the  rosette-like  offshoots  of  House- 
leeks  and  of  many  other  herbaceous  perennials — in  the  first  season's  growth 
of  such  plants  as  the  Turnip,  Carrot,  Canterbury-bell,  and  indeed  of 
most  biennials,  where  the  leaves  all  appear  to  arise  from  the  root — in 
the  bulbs  of  many  Monocotyledons,  such  as  the  Crocus,  Hyacinth  (fig.  16), 
&c.  In  these  cases  the  flowering  axis  which  subsequently  appears  often 
developes  its  internodes  considerably,  and  rises  as  a  tall  stem.  An  inter- 
mediate condition  is  met  with  in  stems  which  are  elongated,  but  have  the 
leaves  closely  overlapping,  as  in  the  common  Stone-crop,  many  Coniferous 
frees,  many  Palms  (fig.  27),  &c. ; 


and  a  similar  condition  exists  in 
the  subterraneous  root-stocks  of 
various  plants,  where  the  imper- 
fect sheathing  leaf-scales  succeed 
each  other  at  short  intervals. 

45.  In  the  embryo  of  a 
Flowering  plant  it  is  scarcely 
possible  to  define  the  .limits 
even  of  the  stem  itself,  which 
loses  itself  above  in  the  plu- 
mule, and  below  in  the  radicle. 
But  in  fully-developed  stems, 
a  general  division  into  three 
regions  may  be  distinguished, 
according  to  the  kind  of  lateral 
organs  which  they  bear,  viz. : 

1.  The  Leaf -scale  region  (fig. 
11),  which  is  mostly  subter- 
ranean iii  its  habit,  and  pre- 
sents itself  with  more  or  less  of 
the  external  appearance  of  a 
root,  of  an  enlarged  fleshy  bud, 


Fig.  11. 


A  plant  of  SniiUana.  btfbUa  with  a  creeping  rhi- 
zome  bearing  lyf-scate,  an  erect  U  .f/atZ, 
and  an  inflorescence  with  bracts. 
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or  of  a  combination  of  these  two.  The  leaves  upon  this  are  never 
green,  but  are  of  fleshy  or  membranous  texture  and  simple  forms. 

2.  The  Leaf  region,  forming  the  ascending  stem  of  plants  generally, 
especially  characterized  by  the  green  colour  and  great  development 
of  the  foliage. 

3.  The  Bract  region,  which  is  also  known  as  the  Inflorescence,  is 
distinguished  by  its  smaller,  more  delicate,  and  sometimes  coloured 
leaves,  the  axillary  buds  of  which  produce  blossoms. 

The  extent,  both  positive  and  relative,  in  which  these  regions  are  re- 
presented is  different  in  almost  every  plant ;  but  a  few  general  statements 
may  be  made  serving  to  illustrate  the  subject.  The  leaf-scale  region  is 
developed  chiefly  iu  herbaceous  perennial  plants ;  and  the  principal  modi- 
fications of  it  will  be  examined  below  under  the  heads  of  Rhizomes,  Bulbs, 
and  allied  structures.  It  may  be  observed  that  the  leaf-scales  or  abortive 
foliaceous  organs  are  almost  exclusively  composed  of  the  stalks  or  sheaths 
of  leaves,  without  any  part  corresponding  to  the  blade ;  exceptions  to 
this,  illustrating  the  rule,  occur  in  tunicated  bulbs  like  the  Hyacinth 
(fig.  16),  where  the  inner  scales  bear  a  green  blade  standing  out  free  at 
the  top  of  the  bidb,  and  again  in  various  subaquatic  Grasses  with 
creeping  stems,  in  which  the  lower  parts  of  the  annual  shoots  often  exhibit 
large  open  sheaths  with  small  rudiments  of  blade  at  their  summits.  The 
region  bearing  perfect  leaves  forms  the  principal  part  of  the  axis  in  arbo- 
rescent plants,  where  the  leaf-scale  region  occurs  only  at  the  points  where 


rig.  12. 


Fig.  13. 


Diagram  of  a  plant  of  Veronica  heiercefolia,  Diagram  of  a  plant  of  Veronica 

where  the  leaf-scale  region  bears  the  coty-  Ckamicdrt/s.  The  lower  part  is  a 

ledons  x,  x,  and  the  rest  of  the  Btem  is  a  true-leaf  stem,  and  its  branches 

true-leaf  stem  with  flowers  in  the  axils  of  are  bract-stems  or  inflorescences, 

its  leaves. 

the  protecting  scales  of  the  autumn  buds  are  produced  j  the  scars  of  the 
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leaf-scales,  crowded  together  from  the  non-development  of  the  internodes 
are  very  visible  at  the  base  of  the  yearly  shoots  of  many  trees,  for  ex- 
ample, of  the  Horse-chestnut :  other  trees  reproduce,  as  it  were,  their 
cotyledons  at  these  points ;  the  Jasmine,  for  example,  exhibits  a  pair  of 
broad  undivided  leaves  near  the  base  of  each  annual  shoot.  In  annual 
plants  the  leaf-region  is  predominant,  but  the  bract- 
region  is  relatively  more  developed  than  in  trees ;  Fig.  14. 
and  the  same  holds  good  of  perennial  herbaceous 
plants.  In  arborescent  plants  the  bract-region  usually 
does  not  present  itself  until  the  leaf-regions  of  many 
years  have  been  formed,  and  even  then  it  is  gene- 
rally formed  from  branches  of  the  axis  which  have  a 
subordinate  share  in  giving  the  special  form  to  the 
entire  plant ;  sometimes,  however,  the  form  of  the 
ramification  is  much  affected  by  the  position  of  this 
region,  as  in  the  Horse-chestnut,  Lilac,  and  other 
trees,  where  the  terminal  buds  of  shoots  are  deve- 
loped into  an  inflorescence,  which  of  course  puts  a 
stop  to  the  onward  growth  at  these  points. 

46.  The  Leaf -scaled  stem,  found  especially 
among  herbaceous  perennial  plants,  is  seldom  con- 
tinuous with  an  axial  root ;  on  the  other  hand,  it 
is  very  prone  to  produce  adventitious  roots,  as  is 
natural  to  its  usually  subterraneous  or  creeping 
mode  of  growth.  "When  its  internodes  are  regu- 
larly although  slightly  developed  year  after  year,  Diagram  of  a  plant  of 
it  forms  an  abbreviated  stem,  horizontal  or  ascend-    2?hrKs  *  ^\achnit<is- 

...        ,    ,  ,  i-r«ii  •        The  leal-scale,  true- 

mg,  either  below  or  above  ground.  If  the  mam  leaf  and  bract  regiona 
axis  persists, producing  a  few  branches  each  year,  fnaTe8 same  a5da8ented 
and  as  it  grows  at  one  end  slowly  dies  away 
at  the  other,  a  more  or  less  root-like  structure  is  produced,  termed 
a  root-stock  or  rhizome  (figs.  11  &  22).  If  the  growth  of  each  axis 
decays  away  at  regular  intervals,  so  as  to  isolate  the  products  of  the 
succeeding  axes,  the  result  is  different,  and,  instead  of  a  branching- 
rhizome,  the  axis  resolves  itself  into  a  number  of  detached  portions, 
in  the  form  of  corms.  If  these  detached  portions  are  chiefly  com- 
posed of  leaf-scales,  with  the  nndeveloped  stem  small,  so  that  they 
represent  enlarged  buds,  they  are  called  bulbs  (figs.  15  &  16).  Another 
reproductive  structure  belonging  to  the  leaf-scale  region  of  the  stem 
is  the  tube>-  (fig.  19),  which  consists  of  a  fleshy  thickened  subter- 
raneous axis,  arising  in  the  axil  of  a  leaf-scale,  having  its  own  in- 
ternodes considerably  developed,  so  that  its  leaf-scales  are  scattered, 
and  cover  isolated  buds  or  "  eyes."  Tubers  of  analogous  character  are 
sometimes  formed  from  aerial  branches,  as  in  many  epiphytic  Orchids, 
where  they  have  a  green  colour  and  are  known  as  pseudo-bulbs. 

47.  The  Bulb  (fig.  15)  is  a  stem  remaining  permanently  in  the 
condition  of  a  bud.    Its  axis  consists  of  a  disk  or  shortly  conical 
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plate,  from  the  upper  surface  of  which  arise  leaf-scales  of  fleshy 
character  more  or  less  overlapping  each  other,  and  enclosing  the 
points  of  growth  while  one  or  more  circles  of  adventitious  roots  are 
given  off  from  the  base  (fig.  16).    Bulbs  are  named,  according  to 


Fig.  15. 


Fig.  16. 


Tunicated  bulb  of  the  Garden  Hyacinth,  cut 
Scaly  bulb  of  Xilium  candidum,  with  through  perpendicularly,  showing  the  leaf- 

adventitious  roots.  scales  arising  from  the  abbreviated  stem 

(i),  and  the  young  bulbils  or  cloves  (a,  a) 
formed  in  the  axils  of  leaf-scales. 

the  character  of  their  leaf-scales,  sjgihj  or  squamose  when  these  only 
partially  overlap  (Lily),  and  tunicated  (Onion,  Hyacinth),  when  the 
scales  form  complete  sheaths.  Bulbs  produce  flowering  axes  either  from 
►  the  terminal  or  from  axillary  buds.  They  are  multiplied  by  buds 
developed  in  the  axils  of  the  scales  in  the  form  of  new  bulbs  (cloves, 
fig.  .16  a,  a),  which  sooner  or  later  become  detached.  When  a  bidb 
flowers  from  its  terminal  bud  in  its  first  season  of  growth,  jt  ;3 
annual;  when  it  oi 


.3  itself  by  forming  scales  in  the 
first  seasojiy  and_  flowers  from  the  terminal  bud  in  the  second,  it  is 
•  ^"  yhiem/rttgl ;  when  it  flowers^from  an  axillary  Jmd,  jhc  terniinal^u.d  may 
be  developed  in  the  samejbrm  inde^uitely  and  form  a  percnnialhni'b. 


The  number  of  leaf-scales  constituting  the  mass  of  a  bulb  varies  much 
in  different  plants :  in  Gagea,  Allium  vineale,  and  others  there  exists  only 
one ;  Allium  oleraceum  has  but  two ;  the  Garden  Tulip  and  Crown  Imperial 
have  comparatively  few  scales,  while  the  Lilies  and  the  Hyacinth  (tigs. 
15  &  16)  nave  numerous  coats  or  scales.  A  little  explanation  is  requi- 
site as  to  the  terms  annual  &c.  as  applied  to  bulbs.  We  have  an  example  of 
what  is  called  an  annual  bulb  in  the  Garden  Tulip.  _  As  planted  in  autumn, 
y  it  is  a  bud  composed  of  four  or  five  scales  enveloping  a  central  ruclimen- 
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tary  flowering  stem  which  terminates  the  main  axis.    In  the  axil  of  the 
outer  scale  there  is  an  axillary  bud.    As  the  flowering  stem  is  developed 
the  old  bulb  shrinks,  while  the  axillary  bud  becomes  more  and  more 
perfect;  so  that,  after  the  flowering  season  is  over,  it  forms  a  new 
bulb,  to  the  side  of  which  the  withered  remains  of  the  old  one  are 
attached.    The  terminal  point  of  the  new  bnd  repeats  the  flowering,  and 
its  outer  scale  (sometimes  the  next  also)  subtends  an  axillary  bud  destined 
to  become  a  new  bulb  in  the  next  season.    Such  bulbs  are  sometimes 
called  prccventitious,  since  the  bulbous  structure  of  any  given  axis  is 
formed  before  the  true  leaves  and  flower.  The  Crown  Imperial  (Fritillaria 
imperialis)  affords  an  example  of  a  biennial  bulb.    Examined  in  the 
autmnu,  it  is  found  to  consist  of  fleshy  scales  produced  at  the  lower  part 
of  the  axis  which  has  just  flowered ;  while  a  bud  seated  in  the  axil  of  the 
innermost  of  these  scales  is  already  developed,  and  by  the  decay  of  the  old 
flowering  stem  has  come  to  occupy  the  centre  of  the  bulb.    In  the  next 
season  this  bud  flowers :  at  first  it  is  surrounded  by  the  scales  of  its 
parent  axis;  but  after  the  flowering  is  over,  these  very  quickly  shrivel  up 
and  disappear,  the  axis  which  has  just  flowered  giving  origin  at  its  base 
to  a  number  of  scales  replacing  them ;  and  while  the  flowering  stem 
decays  away  down  to  these  scales,  a  new  axillary  bud  is  developed°in  the 
axil  of  its  innermost  or  uppermost  basal  scale.    Thus  the  bulb  always 
bears  growths  belonging  to  two  seasons  on  the  same  axis  :  the  nutrient 
leaf-scales  of  each  axis  are  developed  upon  it  after  it  has  flowered,  and 
serve  for  the  support  of  the  flower  of  the  next  axis.    Such  bulbs  are 
sometimes  called  postventitious,  and  may  be  termed  definite  to  distinguish 
them  from  the  next  kind.    Perennial  bulbs  differ  from  the  foregoino- 
in  retaining  the  products  of  the  condensed  axes  of  several  years  in  a  healthy 
vegetative  condition.   Thus,  if  we  examine  a  bulb  of  the  Garden  Hyacinth 
(fig.  16)  when  it  is  flowering  by  its  terminal  bud,  we  find  the  base  of  the 
flowering  axis  surrounded  by  several  leaves  belonging  to  itself;  the  whole  of 
them  stand  in  the  axil  of  a  scale  belonging  to  the  preceding  year,  which  also 
contains  the  short  remnant  of  the  flower-stalk  of  that  year ;  and  to  this 
scale  succeed  several  more,  aU  belonging  to  that  same  axis;  these  more- 
over stand  collectively  in  the  axil  of  the  innermost  of  a  series  of  scales 
belonging  to  the  year  before,  remains  of  the  flower-stalk  of  which  are 
also  sometimes  visible.    Finally,  on  examining  the  axil  of  the  innermost 
green  leaf  of  the  present  year,  we  find,  nestled  between  it  and  the  base  of 
the  flower-stalk,  the  bud  which  is  to  form  the  axis  of  the  next  year 
inerefore  this  bulb  possesses  structures  or  axes  belonging  to  four  distinct 
generations    The  bases  of  the  green  leaves  expand  into  fleshy  sheatW 
coats  after  the  flowering  of  the  axis  which  gives  rise  to  them;  and  he 
decay  of  their  blades  which  extends  to  the  summit  of  the  bulb,  lives 
rise  to  the  ragged  or  bitten-off  appearance  of  the  latter.    These  bulb?™ 
EEC""  ^       kSt  Hnd'  ^Ut  ^  be  aWkgoJrtad  from  them  as 

48.  The  Corm  more  or  less  resembles  a  bulb  externally,  but  cou- 
nts pnncipaUy  of  a  stem  with  little-developed  internodeS;  thickened 
into  a  fleshy  body,  and  bearing  leaf-buds  at  one  point  ei  her  at  the 
■nmmit,  as  m  the  Crocus  (fig.  17),  or  at  the  side^as  ffii*9 

ihe  conn  of  a  Crocus  examined  very  early  in  spring  exhibits  a  primary 
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axis  in  the  form  of  a  roundish  mass  hearing  the  adventitious  roots  below, 
and  giving  rise  above  to  one  or  several  tufts  of  leaves.  The  bases  of 
the  leaves,  outside  which  are  a  few  membranous  scales,  being  at  first 
sunk  in  the  parent  axis,  these  tufts  or  rudimentary  branches  are  not 
readily  distinguished  as  secondary  axes ;  but  the 
terminal  bud  soon  grows  out  to  produce  the  flower. 
After  the  flowering  is  over,  the  internodes  be- 
tween the  scales  and  the  bases  of  the  green  leaves 
become  developed  both  vertically  and  also  hori- 
zontally, so  as  to  convert  the  base  of  each  flower- 
ing stem  into  a  new  corm.  When  about  half- 
grown  the  new  corms  stand  out  as  globular  bud- 
like structures  on  the  top  of  the  old  corm,  which 
is  gradually  exhausted,  and  decays  away,  so  as 
to  set  its  progeny  free.  In  the  axils  of  the  upper- 
most leaves  of  the  flowering  stem  are  developed 
new  buds  (which  exist  even  before  the  corm  be-  Corm  of  the  Garden  Crocus, 
gins  to  sprout  in  spring)  ;  and  as  the  new  corms  ^  tlirough  perpendicu- 
are  perfected, the  buds  imbedded  in  their  summits 

form  the  ruunnents  of  the  leaves  and  flowers  of  the  next  season,  sprout- 
ing out  in  the  spring,  each  to  reproduce  a  corm.  Hence  in  a  corm  taken 
out  of  the  ground  a  short  time  after  the  flower  withers,  we  find  three 
sets  of  axes : — 1,  the  withering  parent  corm ;  2,  the  young  corms  branching 
from  this,  formed  from  the  bases  of  the  flowering  stems;  and,  3,  the 
axillary  buds  of  the  leaves  of  the  latter,  forming  the  resting  buds  at  the 
summits  of  the  new  corms. 

In  Colchicum  aidumnale  the  conditions  are  somewhat  different.  When 
the  plant  is  flowering,  in  autumn,  we  find  the  flowering  stem  attached  to 
the  side  of  the  base  of  the  corm ;  the  flowering  stem  is  surrounded  at  its 
base  by  sheathing  scales  and  rudimentary  leaves  ;  in  the  axils  of  the  two 
lowest  leaves  exist  minute  buds,  and  the  internodes  between  these  leaves 
are  slightly  developed.  The  flowering-stem  then  withers  down  to  the 
ground,  and  during  the  winter  the  internode  between  the  two  buds  swells 
and  forms  a  new  corm,  the  old  one  shrivelling  up.  The  leaves  appear 
above  ground  in  the  spring,  proceeding  from  the  apex  of  the  corm,  and 
the  bud  at  the  side  of  its  lower  end  shoots  out  to  form  a  new  lateral  stem, 
which  produces  sheaths  and  rudimentary  leaves,  and  ultimately  forms  the 
flowering  stem  of  the  next  autumn,  the  base  of  which  repeats  the  forma- 
tion of  a  corm  in  like  manner  and  shoots  up  its  tuft  of  leaves  in  the  fol- 
lowing spring.  The  corm  being  formed  from  the  internode  between  the 
buds,  the  lower  of  these  is,  to  a  certain  extent,  basilar  as  well  as  lateral, 
while  the  upper  one  appears  near  the  top  of  the  perfect  corm,  rather  to 
one  side,  near  the  scar  of  the  old  leaves  and  flower-stalk  ;  this  bud  may 
or  may  not  be  developed  into  a  corm  simultaneously,  but  in  any  case 
it  becomes  detached  from  its  fellow  when  the  old  corm  shrivels  up,  and 
thus  may  multiply  the  plant.  _  . 

The  corm  of  Arum  maculabum,  examined  in  spring,  exhibits  two  lobes, 
-with  an  intermediate  constriction;  they  lie  adjoined  horizontally:  the 
corm  of  the  past  year  is  shrivelled;  the  other  is  solid,  and  at  the  summit 
exhibits  sheathing  scales  enveloping  the  base  of  the  erect  flowering  stem. 
Opening  the  sheath,  which  turns  upward,  we  see  that  the  flower  arises 
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from  a  terminal  bud,  while  in  the  axil  of  a  leaf  arising  below  it  exists  a 
bud  which  is  destined  to  swell  up  and  form  a  new  conn  for  the  next 
season,  the  oldest  one  meantime  withering  away ;  so  that  two  genera- 
tions with  the  rudiments  of  the  third  always  coexist ;  these  generations 
may  consist  of  a  greater  number  of  individuals  when  additional  eorms 
arise  from  the  axils  of  several  of  the  scales  of  the  parent  corm. 

49.  The  Stem-tuber  is  either  formed  from 
the  base  of  a  stem,  or  from  a  branch,  arising 
I  from  a  subterraneous  leaf-scale  (fig.  19),  deve- 
loped either  partially  or  entirely  into  a  thick 
and  fleshy  mass,  by  expansion  of  its  spongy 
structure,  its  own  leaves  appearing  in  the  form 
of  rudimentary  scales,  in  the  axils  of  which 
exist  dormant  buds,  or  eyes,  capable  of  pro- 
ducing independent  stems  when  the  tuber 
recommences  its  development  after  a  season 
of  rest. 

Axial  tubers  occur  in  many  herbaceous  plants, 
as  in  Corydalis  bullosa ;  when  of  annual  dura- 
tion, these  are  essentially  the  same  as  corms. 
The  tuber  of  the  Potato  is  a  familiar  example  of 
the  stem-tuber  formed  from  a  branch,  in  which  its 
characters  may  be  readily  observed  ;  a  number  of 
leaf-scales  at  the  base  of  the  "  haulm  "  send  out  sub- 
terraneous branches,  which  at  some  distance  from 
the  point  of  origin  cease  to  elongate,  and  swell  up 
into  tuberous  masses.  The  tubers  of  the  Jerusalem  Artichoke  (fig.  19)  are 
analogous  productions.  Stem-tubers  passing  more  or  less  into  rhizomes  form 

Fia-.  19. 


Eoot-tuber  formed  at  the 
baae  of  the  stem  of  Bunium 
Bulbocastanum. 


If      ^  ^  , 

Stem-tubers  of  the  Jerusalem  Artichoke  (Helianlhut  tuberose). 
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the  so-called  roots  of  the  Bryonies  ( Tamus  communis  and  Bryonia  dioica), 
of  the  Sweet-potato  (Convolvulus  Batatas),  and  the  species  of  Dioscorea 
yielding;  "  yams."  The  tubers  of  the  terrestrial  Orchids  are  chiefly  com- 
posed of  radical  structures.  If  we  examine  the  twin  tubers  of  Orchis  Morio 
(fig.  20),  we  find  one  at  the  base  of  the  flowering  stem  («),  which  towards 
the  close  of  the  season  is  withered,  while  the  other  (6),  crowned  by  a 
bud  (*),  is  solid  and  healthy ;  in  the  axil  of  the  lowest  leaf  of  tbis  bud 
exists  another  bud  in  a  rudimentary  state ;  and  as  the  oldest  tuber  shrivels, 
this  swells  out  and  assumes  its  form,  in  the  next  season  appearing  as 
the  bud-tuber,  while  its  parent  becomes  the  tuber  of  the  flowering  stem. 
The  greatest  part  of  the  mass  of  these  tubers  consists  of  a  swollen  adven- 
titious root  (§  37),  which  is  intimately  blended  with  a  few  little-deve- 
loped stem-internodes  and  the  terminal  bud.  In  some  cases  these  tubers 
are  rounded;  in  others  they  are  divided  below,  so  as  to  become  palmate 
(fig.  21).    The  tubers  of  Bunium  (fig.  18)  belong  to  the  root. 


Fig.  20. 


Fig.  21. 


Double  root-tubers  of  Orchis  Morio : 
a,  old  tuber;  6,  new  tuber  with  the 
bud  *  for  the  next  seaBon. 


Double  palmate  root-tubers  of  Gymnaienia 
odoratissima:  a,  old  tuber  at  the  base  of 
the  old  flower-stem ;  b,  new  tuber,  with 
bud  for  the  next  season. 


50.  The  Rhizome  or  Root-stock  is  a  body  composed  of  an  indefinite 
number  of  corm-like  axes  permanently  connected  together,  so  as  to 
form  an  elongated,  root-like  stem,  more  or  less  clothed  with  leaf- 
scales  (fig.  22).  Its  internodes  are  generally  little  developed ;  some- 
times, however,  regions  with  developed  internodes  alternate  with 
others  wherein  they  are  undeveloped,  giving  a  nodose  character ; 
when  it  has  the  internodes  much  developed  (figs.  11  &  24),  it  ap- 
proaches in  character  (through  "runners"  &c.)to  creeping  leafy  stems. 
Its  texture  and  appearance  vary  from  herbaceous  or  fibrous  (fig.  24)  to 
tuberous  (fig.  22)  ;  its  direction  is  usually  horizontal,  though  in  some 
cases  it  is  vertical  (fig.  23) ;  and  in  the  majority  of  cases  it  grows 
under  ground. 

Examples  of  the  rhizome  are  very  numerous  among  herbaceous  peren- 
nial plants,  both  Dicotyledons  and  Monocotyledons.  The  Garden-flag 
affords  an  example  of  a  tuberous  rhizome  which  may  be  understood  by 
comparing  it  with  a  corm  like  that  of  Arum  maculatum,  and  by  supposing 
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that  the  older  portions  of  this  survive  for  many  years,  so  as  to  form  a 
creeping,  more  or  less  branched  mass.  The  Solomon's  Seal  (fig.  22),  Sweet- 
flag  (Acorus),  Ginger,  Water-lily,  &c.  afford  other  well-known  examples. 
In  some  of  these  (called  definite  rhizomes)  the  flowers  appear  to  be  pro- 
duced by  terminal  buds,  which  take  an  ascending  direction  and  lose  them- 
selves in  the  inflorescence,  the  onward  growth  of  the  stem  being  effected 
by  means  of  axillary  buds.  In  other  (indefinite)  rhizomes  the  growth 
is  continuous  by  the  formation  year  after  year  of  a  terminal  leaf-bud. 
Rhizomes  of  more  solid  texture,  but  of  analogous  construction,  occur  in 
many  herbaceous  Fems,  as  in  Aspidium  Filix-mas,  also  in  most  of  the 
Rushes  (Juncas),  many  Sedges,  and  a  great  variety  of  herbaceous  Dico- 
tyledons, such  as  the  Wood- Anemone,  the  Primrose,  Lathrcea  squamaria, 
&c.  Certain  widely  extending  creeping  plants  afford  examples  of  rhi- 
zomes with  developed  internodes,  as  the  Sand-Sedge  (fig.  24),  the  wire- 
like rhizome  of  which  extends  for  many  yards  under  the  loose  sand,  send- 
ing_  up  leafy  shoots  at  regular  intervals ;  the  stems  of  Couch-grass,  of 
various  Mints,  and  other  Labiate  plants ;  as  also  of  certain  Ferns,  such  as 
Lastrcea  Thelypteris,  Trichomanes  specio&um,  and  of  the  Horsetails  (Equise- 
tiim),  Sec.  When  the  rhizome  is  erect  it  has  much  of  the  aspect  of  a  root ;  I 
and  the  ordinary  form  was  termed  by  the  old  writers  a  yratmorse  root,  the 
decay  of  the  lower  end  giving  it  the  appearance  of  having  been  gnawed 
off.  Examples  of  this  are  not  uncommon,  as  in  the  Scabiosa  succisa — in 
various  Umbellife'rse,  as  Cicuta  virosa  (fig.  23),  where  the  abbreviated  in- 
ternodes form  discoid  chambers  corresponding  with  the  fistular  internodes 
above,  and  in  the  Lady-fern  (Afhyrium  Filix-fcemi?ia),  which  consequently 
rises  above  ground  like  a  dwarf  tree-fern.  In  Sparganium  ramosum  we 
meet  with  a  curious  alternation  of  condensed  and  elongated  internodes,  so 
that  the  rhizomes  appeal-  to  consist  of  a  number  of  corms  connected  toge- 
ther by  branches  into  an  erect  candelabrum-like  assemblage. 

Fig.  23. 


Fig.  22. 


Rhizome  of  Solomon's  Seal  ( Convallaria  Polyqonatum) : 
a,  bud  for  next  year;  b,  flowering  stem  of  the  present 

eeTn™B8Car8  °f      fl°WeriDg  Bt6m8  °f  tW0  ^        Vertical  rhiz°™  of  Cicuta  virosa, 
J      •  cut  through  perpendicularly. 

em™  i  &  StT'-^  regi°n  bearing  green  foliaceous  organs, 
grows  above  the  soil,  either  m  air  or  water,  exposed  to  the  influence 

l  a  7,  torm  and  8t™cture  are  extremely  varied  deuendino- 
chiefly  on  the  mode  of  development  of  the  mteLo^XeZl^ 
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ment  of  tho  leaves  and  mode  of  development  of  the  buds,  and  the 
extent  to  which  its  existence  is  prolonged.  The  first  cause 'regulates 
to  a  great  extent  the  form  of  the  axis,  the  second  the  mode  of  rami- 
fication, and  the  third  the  size  and  consistence  of  the  full-grown 
organ.  The  principal  modifications  may  be  most  conveniently  studied 
under  the  heads  of — 1.  herbaceous,  and  2.  woody  stems. 

Fig.  24. 


Sand-Sedge  (Carex  arenaria),  the  creeping  fibrous  rhizomes  rooting  at  the  nodes  and 
sending  up  flowering  stems. 


52.  Herbaceous  stems  are  produced  by  annual  and  biennial  plants, 
and  in  each  successive  flowering  axis  of  herbaceous  perennials ;  to 
these  also  are  analogous  the  yearling  shoots  of  arborescent  plants. 
Taken  by  themselves,  they  are  either  annual  or  biennial ;  that  is  to 
say,  they  bear  on  the  same  axis  green  leaves  belonging  either  only 
to  one  or  to  two  seasons  of  growth.  Annual  herbaceous  stems  alone, 
of  course,  occur  on  true  annual  plants :  they  are  produced  also  by 
those  perennial  herbaceous  plants  which  send  up  a  flowering  stem 
from  beneath  the  soil  in  spring ;  and  with  these  are  to  be  included 
most  plants  forming  bulbs  and  corms. 

In  ordinary  annuals  the  plumule  or  terminal  bud  of  the  seed  shoots  up 
at  once  into  a  more  or  less  branched  flowering  stem,  and  the  entire  plant 
dies  away  after  the  seeds  are  perfected  in  autumn.  Examples  of  this 
form  may  be  seen  in  the  Poppy,  the  Sweet  Pea,  Veronica  hederafolia 
(fig.  12),  &c.  In  many  perennial  herbaceous  plants  forming  rhizomes,  and 
in  most  bulbous  plants,  a  subterraneous  bud  shoots  up  in  the  early  part  of 
each  season  of  growth,  bearing  green  leaves,  and  forming  a  flowering  stem 
(fig.  22  b);  in  the  autumn  the  whole  of  these  structures  disappear  (c,  d), 
while  resting  buds  («)  are  formed  in  the  axils  of  the  lower  leaves  be- 
neath the  soil,  to  repeat  the  growth  in  the  following  season.  We  have 
examples  of  this  land  of  stem  in  the  Solomon's  Seal,  Garden  Paiony, 
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Aconite,  Anemone,  Asparagus,  &c.  The  young  fleshy  shoot  with  rudi- 
mentary leaves  which  these  plants  form  in  early  spring  is  sometimes 
called  a  turio  (this  is  exemplified  in  the  edihle  part  of  Asparagus).  The 
leafy  flowering  stems  of  hulbs  and  tubers,  such  as  those  of  the  Lily,  Po- 
tato, Orchis,  &c,  furnish  further  examples  of  the  annual  herbaceous  stem. 

53.  Biennial  herbaceous  stems  are  found  in  true  biennials  and 
many  herbaceous  perennials.  They  are  distinguished  by  the  lower 
part  of  the  axis  producing  green  leaves  in  one  season,  and  the  upper 
portion  growing  into  a  flowering  stem  in  the  following  year.  Generally 
speaking,  the  internodes  are  little  developed  in  the  growth  of  the  first 
season,  and  the  leaves  are  often  larger  as  well  as  more  crowded ; 
they  also  frequently  die  away  early  in  the  second  season. 

Examples  of  the  biennial  herbaceous  stem  are  to  be  found  in  such 
true  biennial  plants  as  the  Turnip,  the  Canterbury  Bell,  Thistle,  Parsley, 
&c.  Here,  when  the  seed  is  sown,  it  produces  a  stem  with  scarcely  deve- 
loped internodes,  supporting  a  number  of  leaves  which  form  a  kind  of  tuft 
or  rosette  upon  the  ground ;  this  growth  remains  almost  at  rest  during  the 
winter,  and  in  the  succeeding  spring  the  terminal  bud  shoots  up  into  a 
flowering  stem.  Sometimes  several  axillary  buds  also  grow  up  into  flower- 
ing stems,  giving  rise  to  the  condition  called  "  radix  multiceps :  "  this  may 
occur  either  in  biennials  or  perennials.  A  similar  kind  of  stem  is  found 
in  such  perennial  herbaceous  plants  as  the  common  Daisy,  the  Garden 
Flag,  the  Dandelion,  &c,  where  axillary  buds  are  produced  at  the  base  of 
the  dying  flowering  stem  in  autumn,  and  grow  up  above  ground  at  once 
to  form  leafy  tufts,  lasting  through  the  winter,  and  giving  birth  to  flower- 
ing stems  in  the  next  season. 

54.  The  leafy  shoots  of  perennial  plants,  with  their  axis  and  adven- 
titious roots,  may  be  separated  artificially,  and  used  for  propagating 
the  plant  (gardeners  call  this  "  parting  the  roots  ") ;  and  certain  plants 
are  naturally  multiplied  in  the  same  way,  by  buds  or  branches  which 
have  received  special  names.  Thus  the  herbaceous  flowering  stems 
of  the  House-leeks  (Sempervivum),  after  flowering,  produce  buds  in 
the  axils  of  their  lower  leaves  which  expand  into  leafy  rosettes.  The 
parent  stem  dying  down,  these  are  thrown  off  as  detached  plants, 
and  strike  root ;  in  the  following  season  they  send  up  a  flowering 
stalk  and  repeat  the  process.  The  separating  tuft  formed  in  the 
autumn  is  called  an  offset.  The  Strawberry-plant  in  like  manner 
produces,  in  the  axils  of  its  leaves,  buds  which  in  the  same  season 
expand  several  of  their  internodes,  and  form  long  filiform  branches, 
the  buds  of  which  give  rise  to  rosettes  of  leaves,  and  strike  root,  and 
thus  form  independent  plants:  such  shoots  are  called  runners  (fig. 25). 
In  all  these  cases  the  herbaceous  flowering  stem  is  of  two  years' 
growth,  its  branching  portion  belonging  to  the  autumn,  the  ascend- 
ing flowering  portion  to  the  succeeding  spring  or  summer. 

Special  names  have  been  given  to  certain  forms  of  the  herbaceous  stem*, 
some  of  which  are  not  very  definite.  Botanists  sometimes  call  the  stem 
ot  brasses  a  cwZm ;  agriculturists  term  both  this  and  the  stems  of  herba- 
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ceous  plants  generally  «  haulm,"  which,  in  its  original  language,  is  synony- 
mous with  culmus.    Neither  term  is  perhaps  requisite  ;  but"  if  used,  the 
I  term  cajni  (culmus)  should  be  applied  to  the  unbranched  stems  of  Grasses  ; 
I  HiiJ-  (™ulls  herbaceus)  to  all  other  herbaceous  stems  with  well-developed 
I  niternodes.  1 


Fig.  25. 


Strawberry-plant  with  runners. 

55.  The  Woody  stem,  characteristic  of  arborescent  plants,  presents 
itself  in  two  principal  classes  of  form : — one,  where  it  is  branched, 
constituting  a  trunk  (truncus)  ;  the  other,  where  it  is  an  unbranched 
column,  bearing  its  foliage  as  a  terminal  crown,  forming  what  is  called 
a  sjocJc  (caudex). 

These  differences  depend  upon  the  mode  of  development  of  the  buds  : 
when,  as  in  Dicotyledonous  trees  generally,  axillary  buds  are  developed 
into  branches,  we  find  a  ramified  trunk ;  when  the  terminal  bud  alone 
unfolds,  as  in  most  Palms,  the  globular  and  columnar  Cactaceas,  and  the 
Cycadacese,  a  simple  columnar  caudex  is  formed. 

56.  The  Trunk  of  arborescent  plants  arises  as  an  herbaceous  stem 
from  the,  seed,  but  usually  becomes  more  or  less  woody  before  the 
close  of  the  first  season ;  in  the  autumn  it  ceases  to  develope  inter- 
nodes  at  its  point,  and  the  terminal  bud  closes  up  into  a  resting 
winter-bud  enclosed  in  leaf-scales  ;  buds  of  the  same  sort  are  pro- 
duced in  the  axils  of  the  leaves ;  and  all  or  part  of  them  open  in  the 
following  spring,  to  produce  a  second  generation  of  axes  in  the  form 
of  shoots  ;  the  same  process  being  indefinitely  repeated,  a  branched 
trunk  is  produced.  If  the  central  stem  is  not  much  elongated,  and 
the  lateral  ramifications  are  numerous,  the  result  is  a  shrubby  plant 
(dumiis);  if  the  growth  of  the  main  trunk  predominates  for  a  long  time, 
but  ultimately  slackens,  and  the  side  branches  grow  more,  the  form 
seen  in  ordinary  trees  appears  {arbor  ci/mosa)  ;  while  if  the  growth  of 
the  central  stom  by  the  terminal  bud  is  predominant  throughout  life, 
wo  have  tall  straight  trunks  with  comparatively  small  branches,  such 
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as  are  seen  in  the  Lombardy  Poplar  and  many  Pines  and  Firs  (arbor 
fastigiata). 

Besides  the  diversity  in  the  relative  development  of  terminal  and  lateral 
buds,  a  great  variety  of  conditions  occur  in  the  mode  of  unfolding  of  the 
buds  and  in  the  destination  of  their  products.  By  no  means  all  of  the 
axillary  buds  of  arborescent  stems  come  to  development ;  and  they  are 
sometimes  suppressed  in  definite  order :  this,  and  the  mode  of  arrange- 
ment of  the  leaves  which  subtend  them,  has  much  influence  on  the  general 
form  of  the  ramification. 

Attention  may  here  also  be  particularly  directed  to  the  definite  and  indefi- 
nite development  of  the  axes.  In  many  trees,  such  as  the  Oak,  the  Birch, 
the  Ash,  many  Pines,  &c,  the  terminal  bud  of  each  shoot,  if  healthy,  opens 
out  every  spring,  and  developes  a  new  length  in  the  same  direction ;  so 
that,  on  such  branches,  the  successive  years'  growths  are  distinguishable 
for  a  more  or  less  considerable  time  by  the  scars  of  the  leaf-scales  which 
enveloped  the  successive  winter  buds.  When  these  trees  flower,  their 
blossom  emerges  from  an  axillary  bud.  In  other  trees,  such  as  the  Horse- 
chestnut  and  the  Lilac,  the  winter  bud  contains  a  rudimentary  shoot, 
the  terminal  bud  of  which  produces  an  inflorescence,  and  consequently 
this  bud  is  evolved  into  a  leafy  shoot,  the  growth  of  which  in  length  is 
arrested  for  ever  by  the  terminal  blossom,  and  the  shoots  of  the  succeeding 
year  must  arise  from  axillary  buds  at  its  sides.  The  branching  of  such  trees 
presents  a  peculiarly  bifurcated  appearance.  The  same  condition  is  produced 
in  indefinite  trees  when  the  terminal  buds  of  their  shoots  are  killed  by  frosts. 

The  originally  cylindrical  form  of  trunks  often  undergoes  considerable 
alteration  with  age,  depending  upon 
peculiar  modes  of  development  of 
the  woody  structure  within.  Irre- 
gular prominences  occur  commonly 
on  such  old  timber-trees  as  have 
large  branches,  greater  enlargement 
taking  place  in  the  line  between 
the  base  of  the  branches  and  the 
roots;  this  is  often  seen  on  old 
Oaks.  Some  tropical  trees  produce 
vast  buttress-like  projections  in  the 
same  way.  The  forms  of  the  trunk 
of  the  woody  climbing  plants  of 
tropical  forests  present  very  remark- 
able irregularities,  arising  either 
from  a  twining  habit,  or  from  ir- 
regular development  caused  from 
lateral  pressure  or  otherwise.  In 
some  kinds  of  Bombax  (fig.  26), 
and  in  Delabcchea  (Bombacese),the 
trunk  is  swollen  out  in  the  shape 
of  a  great  flask  between  the  root 
and  the  main  branches. 

57.  The  Stopk  or  caudex  is  an  undivided  woody  trunk,  pro- 
duced by  the  annual  unfolding  of  a  -ingle  terminal  bud'.  Its 


Pig.  26. 


Trunk  of  a  Brazilian  Bombax. 
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internodcs  are  commonly  littlo  developed,  so  that  its  sides  are  marked 
■with  the  scars  of  its  fallen  leaves ;  sometimes,  however,  the  internodes 
are  developed,  and  then  the  stock  has  a  jointed  appearance,  from  scars 
or  actual  articulations  at  the  nodes.  The  stocks  of  the  Cactacese  are 
remarkable  for  their  form  and  consistence ;  their  lateral  buds  are 
developed  into  tufts  of  spines,  -which  are  the  representatives  of  the 
leaves  of  undeveloped  branches. 

The  stock  of  the  Palms  exhibits  considerable  variety  of  form.  In  the 
Cocoanut-  (Cocos)  and  Date-palms  the  internodes  are  scarcely  developed, 
and  the  scars  of  the  leaf-stalks,  arranged  in  spiral  order,  cover  the  sides ; 
the  same  holds  good  of  the  stock  of  Cycas  and  its  allies,  of  Xanthorrhcea, 
Kingia,  and  other  arborescent  Monocotyledons,  and  also  of  the  stock  of  the 
Tree  ferns  (fig.  29).  In  other  cases  an  internode  is  more  or  less  deve- 
loped between  each  leaf,  and  the  stem  is  smooth,  but  marked  by  a  suc- 
cession of  scars  running  nearly  round  the  stem,  as  in  Mauritia  and  Asiro- 
caryum  vidgare;  in  Geonoma  and  Chamtedorea  the  internodes  are  deve- 
loped and  the  nodes  thickened,  so  as  to  appear  externally  somewhat  like 
those  of  the  stems  of  Grasses,  but  they  are  not  really  articulated  nor  hol- 
low like  the  latter.  The  caudex  of  the  Palms  furnishing  the  common  Cane 
( Calamus)  is  chiefly  distinguished  froni  the  last  by  the  slendemess  and 

Pig.  27. 


Pic.  27.  Palm-tree  (Areca)  with  unbranehed  oaudex. 

Pig.  28.  Branched  trunk  of  the  Doum  Palm  (Hypluvne  Ihebaica). 

extreme  length  of  the  internodes.  Many  of  these  Palm-stocks,  which  are 
simple  in  their  principal  mass,  send  out  axillary  buds  at  or  below  the 
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ground,  which  form  runners,  and  ultimately  grow  up  independently  of  the 
parent.  The  aerial  stocks  of  a  few  branch  high  above  the  ground,  as  in 
the  Doum-palm  (fig.  28),  and  in  Pandanus  (fig.  9),  where  the  terminal 
bud  appears  to  undergo  successive  bifurcations,  but  really  sends  off  at 
intervals  single  axillary  buds,  the  development  of  which  soon  equals  that 
of  the  parent  axis,  and  causes  the  deflection  of  the  latter  so  as  to  give 
a  forked  appearance.  A  similar  mode  of  growth  is  observed  in  certain 
Hsemodoraceas  (arborescent  Monocotyledons,  natives  of  S.  America),  also 
in  the  Liliaceous  genus  Yucca.  The  stocks  of  some  of  the  Cactaceas  are 
undivided,  as  in  Melocactus  (fig.  31);  Echinocactus,  and  Mamittaria,  &c. ; 
hut  in  others  a  few  branches  arise,  giving  a  compound  character,  as  in 
various  species  of  Cereus  (fig.  32),  and  in  the  leaf-like  stalks  of  Opuntia 
(fig.  30).  Analogous  structures  occur  in  foreign  species  of  Euphorbia. 
The  Elephant's-foot  plant  ( Tamus  elephantipes)  possesses  an  extraordinary 
stock,  consisting  of  a  large  and  solid  woody  mass  of  rugged  appearance 
and  perennial  growth,  from  which  slender  annual  climbing  stems  arise, 
dying  down  again  each  season,  while  the  stock  slowly  increases  in  size. 


Fiff.  29. 


Fig.  31.    Fig.  32. 


%  £  t^&T  —      if;  ft  HZ  Si* 

58.  In  the  description  of  stems  generaUy,  certain  technical  terms 
are  m  use,  m  addition  to  those  above  explained.    These  refer  prin 
cipallyto— a.  consistence;  b.  direction  and  habit  of  growth  •  c  form- 
d.  condition  of  surface  ;  e.  ramification  ;  and  f.  dimensions. 

a  lne  terms  herbaceous  (herbaceus)  and  woody  (lignosus)  need  no 

fcSsj  ;;t10;  f °r stenis are ^ °r s^ * 

m  Cactus,  &c     Most  stems  are  sjjMd  (solidus) ;  those  of  the  maioritv 
of  Grasses  and  the  UmbeUiferee  (Carrot,  Celery,  &c),  and i  theX  e 
tads  (Eguisetum)  are  hollow  or  tubular  (  fi_stulosus\ 

6.  btcms  may  be  truly  erect  (strictus),  J^u7uT{flexuoSus),  or  nod- 
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ding  {nutans),  which  in  trees  becomes  overhanging  (cernuus).  Stems 
which  turn  upwards  from  a  horizontal  base  are  called  ascending 
(ascendens)  ;  those  lying  along 

the  ground  without  rooting  Fig.  33. 


are  procumbent  or  prostrate 
(decumbens,  procumbens,  hu- 


mifusus)  (fig.  33)  ;  if  a  pro-  ^fStii    at  W 

strate  stem  roots  at  its  nodes,  ^sj^T^  I^L 


it  becomes  creeping  (repens) . 
Slender  stems  neither"  lying 


On   the  ground  nor  Creeping  Procumbent  stem  of  Thyme. 


Climbing  stems  support  themselves  in  various  ways  : — the  Ivy  by  tufts 
of  adventitious  roots,  which  attach  themselves  firmly  to  foreign  bodies ; 
the  climbing  species  of  Clematis,  the  Canary-creeper  (Tropceolum  pere- 
grinum)  by  hooking  their  leaf-stalks  round  the  support ;  other  plants  by 
tendrils,  as  the  Vine,  Peas,  Cucurbitacere,  &c. 

Twining  stems  coil  themselves  spirally  round  the  supporting  body, 
turning  sometimes  in  one  direction,  sometimes  in  the  other,  as  in  the 
Hop,  Convolvulus,  Cuscuta,  &c.    Some  of  the  tropical  twiners  produce 
'  woody  trunks  resembling  large  cables. 

c.  The  principal  characters  of  form  are  designated  by  terms  re- 
quiring no  explanation,  such  as  cylindrical  or  terete,  conical,  columnar, 
&c.  If  a  stem  presents  thickenings  opposite  the  origin  of  the  leaves 
(nodes),  it  is  called  jointed  (articulatus)  or  knotted  (nodosus)  ;  the 
reverse  condition,  when  there  are  constrictions  at  intervals,  is  also, 
with  more  propriety,  called,  jointed  (articulatus).  Other  terms  refer 
to  the  shape  as  displayed  in  a 


for  example,  triquetrous  if  the 
three  angles  are  sharp  (fig.  34),  triangular  if  they  are  about  right 
angles,  and  trigonous  when  the  angles  are  obtuse  or  rounded  off. 
"When  the  surface  presents  a  great  number  of  longitudinal  ridges,  it 
is  called  rffl^  (fig.  36) ;  numerous  longitudinal  grooves  render  it 
■furrowed  (sulcatus).  In  some  cases  the  projecting  angles  of  stems 
are  winged  (alatus),  as  in  many  Thistles  ;  in  other  cases  the  stem  or 


cross  section  of  the  stem.  A 
stem  is  round  (teres)  when  it  pre- 
sents a  circular  section ;  qyn- 
vxessed  (compressus)  when  the 
section  is  elliptical;  angular 
when  the  section  is  polygonal, 
under  which  head  are  distin- 
guished, in  a  three-angled  stem 


Fig.  34. 


Fig.  35.      Fig.  36. 


Fig.  34.  A  triquetrous  stem. 
Fig.  35.  A  quadrilateral  or  square  stem. 
Fig.  36.  A  ribbed  stem. 
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branch  is  flattened  so  as  to  resemble  a  leaf,  in  which  case  the  term 

rlridnde.  is  applied. 

d.  The  surface  of  a  stem  may  be  smooth  (Icevis)  or  striate  (striatus),  { 
i.  e.  marked  with  fine  grooves  and  ridges.  It  may  be  devoid  of  epi- 
dermal appendages  or  glabrous  (glaber),  or  furnished  with  a  more 
or  less  dense  coat  of  hairs  {pilosus,  hirsutus,  lanatus,  &c),  or  it  may 
be  set  with  bristles  {setosus),  glandular  or  otherwise,  or  with  thorns 
{spinosus). 

Similar  term9  are  still  more  commonly  applied  to  the  surfaces  of  leaves, 
under  which  head  they  will  be  more  minutely  denned. 

e.  A  stem  is  either  simple_  or  branched ;  if  the  ramification  is  ex- 
cessive, it  is  called  m/tidi-brandied  {ramosissimus).  The  branches 
may  he  erect,  spreading  {patens),  outstretched  (divaricatus,  patentis- 
simus),  deflexed  {dejlexus),  or  pendulous  {pendulus).  These  qualities 
especially  affect  the  crown  of  trees,  which  is  sometimes  called 
their  cyme. 

f.  Different  terms  are  applied  to  plants  with  woody  stems,  ac- 
cording to  their  division  and  mode  of  branching.  A  tree  {arbor) 
is  a  plant  with  a  woody  trunk  and  branched  head,  above  25  feet  in 
height.  A  small  tree  {arbusculus)  is  a  similar  plant,  which  never 
rises  above  25  feet  in  height.  A  shrub  {frutex)  is  a  kind  of  dwarf 
tree,  where  the  main  trunk  is  little  developed,  and  the  whole  never 
attains  a  height  of  more  than  15  feet.  Under-shrub  {fruticulus)  is 
the  diminutive  of  this,  applied  to  kinds  which  do  not  exceed  3  feet 
in  height.  A  bush  {dumus)  is  a  kind  of  shrub  where  the  principal 
axis  is  not  readily  distinguishable,  the  lateral  branches  being  deve- 
loped very  freely  close  to  the  ground,  so  as  to  hide  the  main  stem. 

Sect.  4.  The  Leaf. 

59.  Leaves  are  the  lateral  organs  attached  to  the  ascending  por- 
tion of  the  axis,  and  in  general  are  flat,  expanded  plates,  produced 
directly  from  the  superficial  part  of  the  stem,  and  from  which,  after 
a  certain  term  of  existence,  they  are  removed,  either  by  breaking  off 
at  a  distinct  joint,  or  by  decay. 

In  some  cases,  as  in  Cactus  (figs.  30-32),  the  true  leaves  are  absent,  *" 
their  ofiice  being  filled  by  the  green  rind  of  the  stem.    Normal  leaves, 
belonging  to  the  vegetative  system,  are  alone  taken  into  account  in  this 
chapter ;  the  modified  foliar  organs  composing  flowers  must  be  treated 
separately. 

60.  The  leaves  arise  from  and  mark  the  nodes  (§  44)  of  the  stem  ; 
and  it  has  been  already  stated  that  it  is  at  the  nodes,  in  the  axils 
of  leaves  (§  43),  that  lateral  or  axillary  buds  are  as  a  general  rule 
produced.  From  this  it  follows  that  the  arrangement  of  the  leaves 
must  be  of  great  importance,  not  only  in  reference  to  their  own  re- 
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Pig.  37.  Diagram  of  the  arrangement  of  alternate  disti- 
chous leaves. 

Fig.  38.  Diagram  of  the  arrangement  of  decussate  oppo- 
site and  tetraBtichous  leaves. 


lative  positions,  but  as  determining  more  or  less  completely  the  plans 
ol  ramification  of  stems.  It  is  found  that  the  modes  of  arrangement  of 
leaves  are  in  accordance  with  certain  general  laws  ;  and  a  particular 
study  of  these  laws  has  been  pursued,  under  the  name  of  Phyllotaxy. 

61.  Leaves  exhibit  two  principal  types  of  arrangement:  either 
they  are  solitary,  one  only 
occurring  at  a  node,  or 
two  or  more  spring  from 
the  stem  at  the  same 
level.  When  the  leaves 
stand  alone,  they  are  said 
\  to  be  alternate,  or  scattered 
(fig.  37) ;  where  two  stand 
at  the  same  level,'  facing 
one  another,  they  are  called 
opposite  (fig.  38) ;  and  if 
more  than  two  originate 
from  one  node,  forming  a 

I circle,  the  leaves  are  called 
whirled  or  verticillate. 
Very  rarely  two  leaves  ap- 
pear to  spring  from  the  same  node,  as  in  what  are  called  geminate 
leaves  (Solanuni).  This  condition  is  supposed  to  arise  from  irregular 
displacement  and  partial  adherence  of  one  of  the  leaves  to  the  stem. 

Really  whorled  leaves  are  not  so  common  as  is  sometimes  imagined, 
the  whorled  condition  being  imitated  in  some  cases,  as  in  many  Stel- 
latse,  by  an  excessive  development  of  interfoliar  stipules  ;  truly  whorled 
leaves  are  seen  in  Paris  and  Myriophyllum.  Representatives  of  the  two 
principal  types  are  found  in  the  embryo  of  Monocotyledons  and  Dicoty- 
ledons— the  former  having  a  solitary  cotyledon,  the  latter  having  two, 
placed  the  one  opposite  to  the  other  (fig.  2) ;  but  this  opposite  arrange- 
ment of  the  cotyledons  is  not  always  associated  with  a  like  disposition  of 
the  true  leaves. 

62.  Alternate  leaves  exhibit  many  modifications  of  arrangement. 
Sometimes  they  are  truly  alternate  ;  that  is,  the  second  leaf  is  exactly 
on  the  opposite  side  of  the  stem  from  the  first,  and  the  third  exactly 
over  the  first :  a  series  of  leaves  arranged  in  this  way  form  two 
perpendicular  rows.  Such  leaves  are  termed  distichous  or  two-ranked 
(fig.  37) ;  examples  of  which  are  found  in  the  Grasses. 

If  the  second  leaf  is  not  opposite  to  the  first,  but  at  a  point  dis- 
tant from  it  one-third  of  the  circumference  of  the  stem,  and  the 
third  leaf  one-third  further  round,  the  fourth  leaf,  likewise  distant 
one-third  from  the  preceding,  will  stand  over  the  first.  Leaves  so 
arranged  form  three  perpendicular  rows,  constituting  the  trislichous 
or  three-ranked  arrangement,  which  is  common  among  the  Mono- 
cotyledons (fig.  39). 
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63.  Now,  when  a  lino  is  drawn  round  the  stem  so  as  to  pass 
regularly  from  leaf  to  leaf,  we  find  that  its  course  is  spiral.  In  the 
distichous  case  the  spiral  line  commencing  at  any  given  leaf  com- 
pletes one  circuit  and  commences  a  new  one  at  the  third  leaf;  in 
the  tristichous  arrangement  the  spiral,  completes  one  circuit  and 
commences  a  new  one  with  the  fourth  leaf  (fig.  39).  The  series  of 
leaves  included  by  the  spiral  line  in  passing  from  the  first  leaf  to 
that  which  stands  directly  above  it  is  called  a  cycle  (fig.  40) ;  the  | 
fraction  of  the  circumference  of  the  stem,  which  measures  the  distance 
between  any  two  succeeding  leaves  in  a  cycle,  is  termed  the  angular 
divergence,  which  in  the  distichous  case  is  one-half  (g),  in  the  tri- 
stichous  one-third  (g).  These  fractions  not  only  represent  the  an- 
gular divergence,  but  also  the  entire  character  of  the  arrangement ; 
for  the  numerator,  as  is  seen,  indicates  the  number  of  turns  of  the 
spiral  forming  a  cycle,  while  the  denominator  expresses  the  number 
of  leaves  in  that  cycle. 

In  the  pentastichous,  quincuncial,  or  five-ranlcecl  arrangement  of 
leaves  the  conditions  are  more  complex.  The  sixth  leaf  of  course 
stands  over  the  first  (figs.  41  &  42),  commencing  a  second  cycle ; 
but  the  spiral  line  passing  through  the  first  five  leaves  makes  two 


Fig.  40. 


Fig.  30.  Projection  of  the  A  arrangement. 

Pig.  40.  Horizontal  projection  of  a  cycle  of  the  4  arrangement 

Pig.  41.  Projection  of  the  2  arrangement. 

Pig.  i2.  Horizontal  projection  of  a  cycle  of  the  §  arrangement. 

circuits  round  the  stem  ;  moreover  the  successive  leaves  stand  at  a 
distance  from  each  other  of  two-fifths  of  the  circumference  of  the 
stem ;  and  therefore  the  expression  of  the  angular  diver°-ence  -2  in- 
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dicates  also  the  number  of  turns  round  the  stem  in  the  cycle,  and 
the  number  of  leaves  in  the  cycle,  as  before. 

The  relations  here  existing  are  found  to  hold  good  when  further 
carried  out.  The  noxt  degree  of  complexity  of  the  arrangement  is 
where  eight  perpendicular  rows  of  leaves  exist,  and  the  ninth  leaf  is 
over  the  first.  In  this  case  the  spiral  takes  three  turns  in  completing 
the  cycle  ;  and  the  expression  §,  denoting  the  turns  of  the  spiral  and 
the  number  of  leaves  in  a  cycle,  also  corresponds  to  the  angular  di- 
vergence of  the  successive  leaves. 

When  we  place  the  foregoing  figures  together,  thus :  |,  5,  f ,  f-,  it 
will  be  observed  that  each  fraction  has  its  numerator  composed  of 
the  sum  of  the  numerators  of  the  two  preceding  fractions,  and  its 
denominator  of  the  sum  of  the  two  preceding  denominators  ;  and  it 
is  really  found  that  all  higher  compli cations,  in  normal  conditions 
of  stems,  exhibit  some  further  indication  of  the  same  ratio,  and  are 
marked  successively  by  ^,      £f,  fi,  &c. 

The  simpler  forms  of  arrangement  are  the  most  common ;  those  marked 
by  higher  fractions  are  chiefly  found  in  plants  with  the  leaves  much 
crowded,  as  in  the  House-leek  and  its  allies.  The  scales  of  the  cones  of 
Pines  and  Firs  offer  most  beautiful  examples  of  these  spiral  arrange- 
ments.   The  following  examples  may  he  mentioned  for  observation : — 

Plan  5.  Leaves  of  Grasses,  Iris,  Gla- 
diolus, Elm,  Lime,  &c. 

Plan  5.  Leaves  of  Sedges  (Carex,  Scir- 
pus),  Orchids,  Tulip,  Alder,  Birch,  &c. 

Plan  f.    Leaves  of  Apple,  Cherry, 
Poplar,  Oak,  Walnut,  &c. 

Plan  f.  Leaves  of  Flax,  Road-weed 
{Plcmtago)  (fig.  43),  Holly,  Aconite,  &c. 

Plan  j^-.  Eyes  (buds)  of  Potato-tubers, 
cones  of  Finns  Strobus  (fig.  44). 

Plan       Cones  of  Larch  (L.  europcea), 
Pinus  Picea. 

When  the  leaves  are  veiy  numerous 
and  much  crowded,  it  is  often  difficult  to 

trace  the  fundamental  Spiral,  as  the  ver-     Rosette  of  leaves  of  Plantago  media, 

tical  ranks  are  not  evident.  In  these  seen  from  above;  the  leaves  on  the 
cases  the  arrangement  is  ascertained  by      *  rpe" 

studying  the  secondary  spirals  which  appear.  These  are  more  or  less 
numerous,  according  as  the  fractional  expression  of  the  fundamental 
spiral  is  higher.  , 

For  example,  in  examining  the  cone  of  the  mite  Pine,  a  complex 
spiral  arrangement  is  at  once  recognized,  which  will  be  understood  by 
reference  to  the  adjoining  diagram  (fig.  44).  Starting  from  the  lowest 
scale,  as  1,  and  tracing  up  a  flat  spiral  line  to  the  left  hand  (fig.  44  b-b), 
we  find  that  it  will  leave  untouched  a  similar  spiral  series,  running  in  the 
Bame  direction,  between  its  turns  ;  these  two  spirals  together  will  include 
all  the  scales  of  the  cone  ;  and  if  we  number  the  successive  scales  of  the 
first  spiral  1, 3,  5,  7,  &c,  always  with  a  difference  of  2,  and  then  those  of 
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the  second  spiral  2,  4,  6,  8,  10,  fee,  we  define  our  first  two  secondary 
spirals.  Next  we  shall  find,  that  by  passing  through  1, 4, 7, 10  (fag.  44  c-c), 
&c,  we  mark  a  spiral  running  to  the  right  hand,  more  oblique  than  the 
first  two,  and  we  find  that  there  are  two  other  spirals  parallel  to  this 
right-hand  spiral,  running  through  3,  6,  9,  12,  &c.,  and  2,  5,  8,  11,  &c, 
makiug  three  of  these  right-hand  spirals,  whose  scales  have  numbers  in- 
creasing by  three  at  each  step.   Next,  turning  to  the  left  again,  we  find  a 

Fis.  44. 
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Cone  of  Pinua  Strobus,  with  the  scales  in  the  -fs  arrangement, 
still  steeper  spiral  ascending  from  1  through  6,  11,  16  (fig.  44  d-d),  Sec, 
the  numbers  in  the  scale  having  a  common  difference  of  5,  while  five  of 
these  spirals  are  found  lying  parallel,  viz.  running  through  2,  7, 12,  &c, 
3,  8, 13,  &c,  4,  9, 14,  &c,  and  5,  10, 15,  &c.  Fourthly,  we  take  another 
spiral  line  to  the  right,  through  1,9, 17,  25  (fig.  44  e-e),  and  we  find  eight 
spirals  of  this  order,  the  other  seven  being  numbered  respectively  2, 10, 18, 
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&c, 3,  11, 19,  &c,  4, 12,  20,  Sec,  5, 13, 21,  &c,  6, 14, 22,  &c,  7, 15,  23,  &c, 
and  8, 16, 24,  &c.  If  we  attempt  to  find  another  spiral  between  the  right- 
hand,  1,  9, 17,  &c,  and  the  last  left-hand  one,  1, 6, 11,  &c.,  we  find  that 
we  go  from  1  to  14,  and  this  stands  directly  overl  (fig.  44  a-a).  It 
therefore  completes  the  fundamental  spiral  of  the  whole  arrangement : 
the  difference  between  it  and  1  (13)  gives  the  denominator  of  the  fraction 
expressing  the  arrangement ;  and,  as  has  been  shown  above,  the  regular 
numerator  of  this  number  is  5,  making  And  in  this  case  we  shall 
find  that  a  line  passing  regularly  through  1,  2,  3, 4,  &c,  to  the  left-hand, 
will  make  five  turns  round  the  cone  before  it  terminates  at  14,  imme- 
diately over  1. 

The  fraction  expressing  the  fimdamental  spiral  in  this  case,  might 
also  be  deduced  from  the  number  of  parallel  secondary  spirals.  Taking 
the  orders  of  secondary  spirals  nearest  to  the  vertical  fine,  on  each  side, 
right  and  left,  the  number  of  parallel  spirals  of  the  lower  order  of  these 
two  will  give  the  numerator ;  and  this  number,  added  to  the  number  of 
parallel  spirals  of  the  higher  order,  will  give  the  denominator.  Thus,  in 
our  example,  the  two  highest  orders  are  those  running  to  the  left  through 
1, 6, 11,  &c,  and  to  the  right  through  1,  9, 17,  &c.  There  are  5  parallel 
spirals  of  the  1,  6,  11  order,  which  gives  the  numerator,  and  8  of  the 
order  1,  9, 17,  &c. ;  and  8+5  gives  13,  =T53- 

64.  The  perpendicular  distance  between  the  points  of  origin,  of 
successive  leaves  is  dependent  simply  on  the  degree  of  development 
of  the  internodes  of  the  stem.  These  may  be  so  short  that,  as  in 
the  common  Stone-crop  (Sedum  acre),  Aravcaria  imbricata,  Sic,  the 
leaves  overlap  more  or  less  along  the  developed  axis ;  such  leaves  are 
termed  imbricate ;  and  this  condition  is  very  common  in  the  leaf- 
scale  forms  of  the  leaf.  A  great  number  of  well-developed  leaves  are 
often  crowded  together  by  the  non-development  of  internodes  at  the 
base  of  the  flowering  stems  of  perennial  herbs,  such  as  the  various 
Saxifrages,  the  Turnip, Dandelion,  &c. ;  and  where 
these  so-called  "radical"  leaves  are  arranged 
with  some  regularity,  and  spread  out  horizontally 
as  in  the  House-leeks,  they  are  said  to  be  rosulate 
(fig- 43). 

A  somewhat  similar  condition  occurs  upon 
branches  of  some  trees,  on  which  a  number  of 
leaves  appear  to  spring  from  one  point,  as  in  the 
Larch  (fig.  45)  and  the  Berberry ;  the  collections 
of  fasciculate  leaves  really  belong  to  a  branch 
the  internodes  of  which  are  not  developed,  so 
that  they  all  spring  at  once  from  the  leaf-axil  Fasciculate  leaves  of 
in  which  the  branch-bud  was  formed. 

In  other  Conifers,  the  number  of  leaves  in  these  bundles  is  smaller,  and 
very  regular  and  characteristic;  e.g.,  in  Pima  sykestrw  two  leaves  are 
thus  associated,  in  P.  Cembra  three,  in  P.  Strobus  five,  &c.  In  those  buds 
of  the  Larch  which  afterwards  unfold  into  shoots,  the  transition  from  a 
fasciculate  into  a  regidar  spiral  arrangement  becomes  evident. 
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65.  Opposite  and  whorled  leaves  likewise  exhibit  great  regularity. 
The  number  of  leaves  in  a  whorl  is  here  also  sometimes  expressed  by 
a  fraction,  which  is  enclosed  in  a  parenthesis  ;  the  denominator  m 
this  case  indicates  the  number  of  leaves  in  one  circle. 

Examples  of  these  in  true  leaves  are  furnished  by  the  following  plants. 

(i)  plan  (opposite  leaves).    Pinks,  Labiataj. 

(f)    „    Lysimachia  vulgaris,  Myrica  Gale,  Trillium. 

(J)    „    Paris  quadrifolia. 

(i)     „    Myriophyllum  pectinatum. 
Sometimes  the  numbers  vary  on  different  parts  of  the  same  stem,  as  m 
Hippuris. 

66.  When  leaves  are  opposite,  the  pairs  are 
mostly  alternate ;  that  is,  they  cross  at  right  an- 
gles, the  third  pair  standing  over  the  first.  Such 
leaves  are  called  decussate  (fig.  46) .  With  whorls 
of  three  leaves,  again,  we  usually  find  a  similar 
alternation  ;  the  leaves  of  the  second  whorl  stand 
over  the  intervals  between  those  of  the  first,  the 
leaves  of  the  third  whorl  standing  over  the 
leaves  of  the  first.  In  each  of  these  cases,  there- 
fore, we  have  a  kind  of  cycle ;  and  other  cases 
occur  in  which  the  cycles  are  not  completed  by 
two  whorls,  but  the  leaves  of  the  3rd,  5th,  8th, 
13th  whorl,  &c.  stand  directly  over  those  of  the 
first.  This  shows  the  existence  of  a  spiral  plan 
analogous  to  that  regulating  the  arrangement  of 
alternate  leaves,  with  the  same  numerical  ratios  ;  and  these  many- 
whorled  cycles  exhibit  secondary  spirals  analogous  to  those  of  the 
higher  plans  of  the  alternate  leaves.  In  many  fossil  plants  the  pairs 
of  leaves  do  not  alternate,  but  are  placed  directly  one  over  the  other. 

It  is  evident  that  if  the  internodes  between  the  component  leaves 
of  any  individual  spiral  cycle  were  undeveloped,  while  those  between 
successive  cycles  were  lengthened,  a  verticillate  arrangement  would  result. 
In  certain  plants  (for  example,  the  Myrtle,  the  Antirrhinum)  alternate 
and  opposite  leaves  occur  on  the  same  stem.  This  is  the  case  also  in  those 
Dicotyledons  where  the  true  leaves  succeeding  the  opposite  cotyledons 
are  alternate,  as  in  the  Scarlet  Bean,  Mustard,  &c.  The  arrangement  of 
the  leaves  in  the  manner  above  indicated  is  to  a  great  extent  connected 
with  the  disposition  of  the  fibro- vascular  bundles  of  the  stem.  It  should, 
however,  be  stated  that  the  arrangement  of  the  leaves  on  the  stem  is  not 
always  the  same  as  that  on  the  branches. 

67.  Certain  terms  are  in  common  use  in  descriptive  works  to 
indicate  the  absolute  position  of  leaves  upon  the  stem.  The  name 
radical  leaves  is  applied  to  those,  usually  of  larger  size  than  the  rest, 
which  are  often  found  collected  at  the  base  of  flowering  stems  of 
herbaceous  plants,  such  as  the  Dandelion,  Lettuce,  Turnip,  Plantago 


Diagram  of  decussating 
pairs  of  leaves. 
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(fig,  10),  &c.  The  ordinary  leaves  of  the  stem  are  sometimes  distin- 
guished as  cauline  or  stem-leaues,  while  the  term  ramal  is  occasion- 
ally used  for  those  on  the  shoots  of  trees  and  shrubs  when  these 
present  special  characters. 

The  leaves  belonging  to  the  inflorescence  are  called  bracts.  Their 
phyllotaxy  agrees  with  that  of  the  stem-leaves. 

68.  The  point  where  a  leaf  springs  from  the  stem  is  commonly 
called  the  insertion.  Leaves  are  either  articulated  there,  separating 
when  dead  by  a  distinctly  characterized  line  of  fracture,  or  they  merely 
wither  down,  and  leave  their  bases  as  a  ragged  covering  to  the  stem ; 
the  latter  condition  occurs  mostly  in  leaves  with  sheathing  bases. 

69.  A  perfect  leaf  is  divisible  into  two  regions  (fig.  47) — the  blade 
or  lamina  (b),  and  the  leafstalk  or  petiole  (c)  ;  the  latter,  when  pre- 
sent, may  be  more  or  less  completely  represented  by  a  sheath  or 
vagina  {a),  partly  or  wholly  embracing  the  stem  from  which  it 
arises.  At  the  base  of  the  petiole  often  occur  distinct  leaf-like  ap- 
pendages, called  stipules.  All  parts  of  the  leaf — blade,  stalk,  and 
stipules — are  much  subject  to  modification,  and  may  even  exist  in  the 
forms  of  tendrils,  spines,  pitcher-Wee  organs,  &c,  very  unlike  regular 
leaves.  These  metamorphosed  leaves,  or  parts  of  leaves,  are  best 
treated  of  separately.  - 


The  stalk-like  petiole  (fig.  48),  most  common  in  Dicotyledons,  always 
has  the  base  slightly  widened  out  at  its  point  of  emergence  irom  the 
stem ;  in  the  leaves  of  Palms,  the  Banana,  Scitnmmere,  &c,  the  base  is 
expanded  so  as  to  embrace  the  stem,  while  in  the  Grasses  the  petiole  is 
entirely  represented  by  a  sheath  (fig.  52).  The  green  part  of  the  leaves 
of  the  Hyacinth  and  other  bulbous  plants  is  the  blade,  and  will  he  tound 


Fig.  47. 


Fig.  48. 


A  stalked  leaf. 


Diagram  of  the  regions  of  a  leaf: 
a,  Bheath ;  b,  blade ;  c,  stalk. 
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continuous  below  with  a  colourless,  fleshy,  petiolar  portion,  forming  one 
of  the  "  coats  "  or  sheaths  of  the  bulb  (fig.  16). 

70.  The  leaf  may,  however,  be  represented  by  one  only  of  the 
regions.  It  is  very  common  to  find  leaves  without  distinct  petioles, 
the  blade  springing  directly  from  the  stem ;  such  leaves  are  called 
sessile  (fig,  49).  On  the  other  hand,  the  petiolar  region  may  exist 
without  the  blade ;  and  among  the  cases  of  this  sort  a  considerable 
variety  of  conditions  is  met  with.  Petiolar  structures,  devoid  of 
laminse,  and  more  or  less  reduced  to  scales  or  membranous  sheaths, 
are  commonly  found  on  subterraneous  stem-structures,  such  as 
bulbs,  rhizomes,  &c,  whence  we  have  denominated  this  part  of  the 
stem  the  "  leaf-scale  region  "  (§  45).  Similar  scales  appear  in  place 
of  green  leaves  in  the  "  true-leaf  "  region  of  various  parasitic  plants, 
such  as  Orobanche,  in  which  the  leaves  have  no  physiological  function 
to  perform ;  and  they  recur  periodically  on  the  stems  of  arborescent 
plants  which  form  winter-buds,  in  the  shape  of  bud-scales.  In  the 
true-leaf  region  the  blade  is  either  supported  on  a  stalk-like  or 
sheathing  petiole,  or  is  sessile.  The  sessile  condition  is  generally 
more  common  toward  the  upper  part  of  stems  and  shoots ;  and  in 
the  bracts  or  leaves  belonging  to  the  inflorescence  the  petiolar  region 
is  comparatively  seldom  developed.  The  first  leaf  (  Vorblutt  of  the 
Germans)  on  a  branch  in  many  Monocotyledons,  and  in  some  Dicoty- 
ledons, is  of  a  different  form  from  the  rest. 

71.  In  some  families  the  true-leaf  region  is  clothed  with  petioles 
expanded  into  the  form  of  laminae  ;  these  are  called  phi/llodes  (figs. 
50  &  51),  and  in  such  cases  the  true  laminar  region  is  often  partially 
or  entirely  suppressed. 


Fig.  50. 


Fig.  51. 
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scale  and  true-leaf  regions,  sheaths  surmounted  by  short  green  lancet- 
shaped  laminae,  increasing  in  length  in  successive  leaves. 

72.  When  the  petiole  appears  as  a  distinct  leaf-stalk,  it  is  often, 
accompanied  by  a  pair  of  more  or  less  distinct  foliaceous  appendages 
at  its  base,  called  stipules.  When  these  exist,  the  leaf  is  called  sti- 
pulate (fig.  56);  when  they  are  absent,  exstipulate. 

The  presence  or  absence  of  stipules  is  often  a  very  regular  character  of 
Natural  Orders.  The  various  forms  of  stipulate  petioles  form  a  kind  of 
transition  to  the  petioles  with  sheathing  bases. 

73.  The  petiole  is  usually  of  sernicylindrical  form,  with  the  flat 
surface  above ;  not  unfrequently  the  upper  surface  is  channelled 
(canaliculate),  giving  a  more  or  less  crescentic  section;  in  a  few 
instances,  especially  in  the  Aspen,  it  is  laterally  compressed.  Where 
it  is  round  or  cylindrical  its  structure  is  like  that  of  a  branch. 

The  stalk-like  petiole  is  either  simple,  when  it  supports  a  single 
blade,  or  it  is  branched  or  compound,  when  the  blade  is  composed 
of  a  number  of  distinct  leaflets ;  the  branches  are  sometimes  called 
partial  petioles,  and  may  even  be  articulated  at  their  points  of  origin 
from  the  primary  petiole. 

Compound  petioles  supporting  the  leaflets  of  compound  leaves  are 
known  from  branches  by  arising  independently  from  the  stem,  by  having 
buds  in  their  axils,  and" by  the  absence  of  any  indication  of  a  leaf  imme- 
diately beneath  them. 

74.  The  flattened  or  leaf-like  petiole,  called  a  pl^yllode.  resembles 
a  lamina,  but  is  known  by  standing  edgewise  on  the  stem — that  is, 
with  its  flat  faces  parallel  with  the  direction  of  the  stem ;  in  some 
cases  jjty/Uodes  exist  without  true  laminas,  in  others  the  lamina}  are 
more  or  less  developed  at  the  summit  (fig.  51). 


Fig.  54.  Fig.  55. 


Kg!  5o!  Sheathing  base  of  the  petiole  of  Angelica. 
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Striking  examples  oiphyllodia  with  or  without  laminae  are  furnished  by 
various  species  of  Acacia  (figs.  50  &  96),  in  many  of  which  the  blade  is 
present,  compound  and  bipinnate. 

75.  The  sheathing  portion  or  vagina  is  the  only  portion  of  the 
petiole  which  is  developed  in  certain  plants,  as  in  the  Grasses  and 
Sedges  (figs.  52-54),  in  which  it  forms  a  complete  sheath  to  the  stem, 
and  passes  at  once  into  the  blade  at  the  top :  this  sheath  is  merely 
rolled  round  the  stem  in  the  Grasses ;  but  its  margins  are  confluent, 
so  as  to  form  a  tube,  in  the  Sedges.  The  vaginal  petiolar  region  is 
more  or  less  distinctly  evident  in  many  Monocotyledonous  leaves 
which  at  first  sight  appear  to  be  sessile,  as  in  the  Tulip,  Hyacinth, 
&c. ;  and  it  is  generally  more  or  less  developed  at  the  base  where  a 
distinct  leaf-stalk  exists  in  this  class,  as  in  the  Palms  and,  above  all, 
in  the  Musaceae.  In  many  Dicotyledons  also  the  base  of  the  stalk- 
like petiole  is  enlarged  into  a  sheath,  as  in  Umbellifers  (fig.  55). 

76.  Sometimes  the  stalk-like  petiole  is  winged  (alette),  as  when  a  Jtee-iCt. 
narrow  plate  of  the  blade  structure  springs  from  its  margins ;  in  cer-  JF- 
tain  cases  these  wings  are  clecurrent  down  (or,  rather,  are  continuous 

with  the  sides  of)  the  stem  from  which  the  leaf  arises,  as  in  many 
Thistles,  Verbasewm,  &c,  producing  a  winged  or  alate  stem. 

77.  The  petiole  is  ordinarily  more  or  less  distinctly  jointed  to  the 
stem;  and  when  the  leaf  falls,  it  leaves  a  more  or  less  extensive  well- 
defined  scar  upon  the  stem,  called  the  cicatrix :  in  woody  Dicoty- 
ledons there  is  generally  a^,  ljttie^  protuberance  under  the  cicatrix, 
which  is  termed  the  pulvinusS-  In*Uonoc5tyledons  the  cicatrix  is 
usually  very  broad,  from  the  base  of  the  petiole  embracing  the  stem 
widely.  In  some  cases  the  petiole  is  not  regularly  disarticulated,  but 
withers  down  ;  but  then  the  decay  generally  terminates  at  a  definite 
point  a  little  above  the  base,  leaving  a  portion  of  the  latter  in  the 
form  of  a  scale-like  or  tooth-like  process  projecting  from  the  stem. 

Tooth-like  processes  left  by  the  decay  of  the  petioles  may  be  seen  on 
the  underground  stem  of  the  common  Primrose  &c,  and  on  the  trunks  of 
certain  Palms. 

78.  The  stipules  or  leaf-like  appendages  of  Fig.  56. 
the  petiole  usually  stand  at  the  base  of  the  pe- 
tiole, one  on  each  side,  free  or  adherent  to  it 
(fig.  56).    The  free  leafy  stipules  are  sometimes 
highly  developed,  and  in  Lathyrus  Aphaca  they 
exercise  the  functions  of  the  blade,  the  leaves 
of  this  plant  consisting  merely  of  a  petiole  de- 
stitute of  a  lamina.    When  the  margins  of  the 
stipules  next  the  petiole  are  continuous  with    Leaf  of  z0<«»  with  free 
that  organ,  forming  as  it  were  wings  to  it  (Rosa),  "  P  e8' 
they  are  called  a/lnatfi  (fig.  57).    They  are  also  often  united  by  their 
margins  independently  of  the  petiole,  or,  in  other  words,  are  not  sepa- 
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rated  from  each  other  (connate)  :  thus  in  the  Plane  tree  and  in  Astra- 
galus they  are  united  by  the  outer  margins  (turned  away  from  the 
petiole)  so  as  to  form  a  kind  of  leaflet  on  the  opposite  side  of  the 
stem  (intrapetiolqr)  ;  in  Potamogeton  they  are  united  by  their  inner 
margins  over  the  petiole,  so  as  to  form  a  compound  axillary  stipule ; 
in  the  Polygonacea?  they  are  not  only  united  on  this  side,  but  also 
by  their  outer  margins  on  the  other  side  of  the  stem,  thus  forming 
a  short  tubular  sheath  round  the  latter,  called  an  or.rep.  (fig.  58). 
All  the  above  cases  relate  to  stipules  of  single  leaves  ;  but  similar 
coherence  or  lack  of  disunion  occurs  in  the  stipules  of  opposite  leaves, 


Fig.  57. 


Compound  (pinnate)  leaf  of  the  Rose,  Ocrea  of  Polygonum. 

with  adnate  stipules. 

where  it  is  not  uncommon  to  find  the  two  stipules  which  stand  be- 
tween the  leaves,  at  back  and  front,  more  or  less  confluent  into  a 
single  leaf-like  .or  scale-like  body  ( mterpeliolar  stipule),  so  as  to  form 
a  kind  of  whorl  with  the  true  leaves. 

This  interpetiolar  confluence  of  the  stipules  is  very  characteristic  of  the 
Order  Rubiacese;  and  the  apparent  whorls  of  the  Stellatee  (Galium,  Sec.) 
often  exhibit  a  confluence  of  the  highly  developed  leaf-like  stipules. 

79.  At  the  summit  of  the  sheath  of  the  leaf  of  Grasses  exists  a 
little  membranous  scale,  connecting  the  blade  with  the  epidermis  of 
the  stem  ;  it  is  either  entire  or  forked  at  the  top  (figs.  52  &  53) ;  this 
structure,  called  the  ligule_.  is  a  mere  excrescence  from  the  stalk. 

The  stipules  of  some  plants  fall  off  at  an  early  period.  This  is  the  case 
with  the  interpetiolar  stipules  of  various  Rubiaceous  plants.  It  also 
occurs  commonly  when  the  stipules  form  envelopes  of  the  leaf-buds,  as  in 
Magnoliacea),  Ficus  elastica,  the  Beech  tree,  &c. 

80.  Small  secondary  stipules  exist  at  the  base  of  the  partial  pe- 
tioles of  some  compound  leaves,  especially  of  Leguminosa)  (Dcsmo- 
dium) ;  they  are  called  stipels  {stipellce). 
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81.  For  convenience  of  description  the  stipule  has  been  here 
treated  as  if  it  were  uniformly  of  the  same  nature,  varying  only  m 
form,  position,  &c.  In  point  of  fact,  however,  the  morphological 
nature  of  the  stipules  varies  in  different  plants  :  sometimes  they  re- 
present mere  excrescences  from  the  petiole ;  at  other  times  they  con- 
sist of  the  lower  leaflets  of  a  compound  leaf  (Laihyrus),  or  they  may 
be  leaves  formed  on  a  contracted  and  rudimentary  axillary  branch. 

82.  The  lamina  or  blade  (fig.  47  b)  of  the  leaf  constitutes  the  most 
important  part  of  the  structure,  and  exhibits  the  greatest  variety  in 
its  forms,  which  latter  require  to  be  studied  in  detail,  as  they  often 
furnish  the  principal  characters  for  the  discrimination  of  species  of 
Flowering  Plants  and  Ferns.  It  is  ordinarily  a  flat  plate,  possess- 
ing an  upper  and  lower  surface,  turned  respectively  towards  the  sky 
and  the  earth,  two  margins,  a  base,  and  a  summit. 

In  plants  of  succulent  habit  the  thickness  of  the  leaves  is  often  so  great 
that  the  sides  are  as  broad  as  the  surfaces,  or  they  are  more  or  less 
confounded  in  a  cylindrical,  prismatic,  or  some  similar  form  (Mesembryan- 
themum)  ;  and  similar  external  forms  are  presented  by  the  cylindrical  or 
flattened  fistular  leaves  of  the  Onion  &c. 

83.  If  the  blade  stands  alone  upon  an  undivided  petiole,  or  is  ses- 
sile on  the  stem,  it  is  called  simple  (fig.  48).  Where  the  petiole  is 
branched,  and  bears  more  than  one  distinct  blade,  the  leaf  is  com- 
pound (fig.  57),  and  its  separate  blades  are  called  leaflets.  Both  simple 
leaves  and  leaflets  may  be  entire — that  is,  the  blade  may  be  undivided 
at  its  margins  ;  or  it  may  be  more  or  less  deeply  incised  or  lobed. 

84.  The  general  form  of  simple  and  compound  leaves,  and  the 
character  of  the  subdivisions  of  the  blade  of  simple  leaves  and  of 
leaflets,  are  associated  with  the  plan  of  arrangement  of  the  skeleton 
of  the  leaf.  The  solid  framework  of  leaves  is  composed  of  woody 
structures  which  when  large  are  usually  termed  ribs  {casta),  the 
small  divisions  being  called  indifferently  nerves  or  veins.  The  plan 
of  arrangement  of  the  framework  is  called  the  venation ;  the  ordinary 
custom  is  to  call  the  principal  ribs  nerves,  and  the  smaller  branches 
veins.  When  a  distinct  principal  rib,  continuous  with  the  petiole, 
exists,  it  is  called  the  midrib. 

The  superabundance  of  terms  is  an  inconvenience  here  as  in  many 
other  departments  of  Botany.  Where  it  is  necessary  to  select,  it  is 
advisable  to  choose  those  terms  which  are  least  objectionable  as  not 
involving  hypothetical  notions  of  function ;  but  the  term  nerve  may  be 
regarded  as  figurative. 

85.  The  modes  of  nervature  of  leaves  may  be  classed  under  four 
principal  heads : — 

1.  Straight-  or  parallel-nerved  (folia  parallelinervia),  when  (with 
or  without  a  midrib)  the  principal  ribs  run  in  more  or  less  pa- 
rallel lines  from  the  base  to  the  summit  (fig.  59). 

d  2 
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2.  Curvinerved  (/.  Gwrvmervia),  when  the  principal  ribs  run  in 
curves  from  the  base  to  the  summit  (fig.  60),  or  from  the  mid- 
rib to  the  margin  (fig.  61) — differing  little  from  the  foregoing, 
but  occurring  in  broader  leaves. 

3.  Palminerved  (/.  palminervia),  when  the  principal  ribs  radiate 
from  a  point  at  the  base  of  the  leaf  (fig.  62). 

4.  Penninerved  (/. pennhiervia),  when  the  strong  midrib  gives  off 
the  side-ribs  at  a  more  or  less  acute  angle,  like  the  blades  on  the 
shaft  of  a  feather  (figs.  61  &  63). 

The  term  triple-nerved  (trip>linervia)  is  sometimes  used  for  a  modifica- 
tion of  No.  4,  approaching  to  No.  3,  when  the  inidrib  gives  off  on  each 
side  near  the  base  a  strong  side-rib,  which  runs  up  within  the  margin 
towards  the  summit.  Feather-ribbed  (penninerved)  and  hand-ribbed  (jpal- 
minerved)  leaves  are  most  common  among  the  Dicotyledons,  but  they 
occur  also  in  many  Monocotyledons, — the  former,  for  example,  in  most 
Palms,  Musacese,  Zingiberacea?  (fig.  61),  &c. ;  the  latter  in  the  Fan-palm, 
Smilaceae  and  Dioscoreacese,  &c,  where  there  is  a  transition  to  the  curved- 


Fig.  59. 


Kg.  59.  A  parallel-nerved  leaf.  ...  , 

Fig.  60.  A  curvinerved  leaf  of  Gloriosa  superba,  terminating  in  a  tend 
Fig.  61.  A  penninerved  leaf  of  Canna,  with  curved  secondary  nerves. 


ribbed  condition  (fig.  60),  which,  with  the  straight-ribbed  (fig.  59),  is  most 
common  in  the  Monocotyledons.  Straight-ribbed  leaves  occur  not  unfre- 
quently  in  Dicotyledons,  as  in  Lathyrus  &c.  The  most  important  distmc- 
[  tion  in  the  ribbing  of  the  two  groups  is,  that  in  Dicotyledons  the  main 
rib  or  ribs  branch  repeatedly  at  more  or  less  acute  angles,  and  anastomose 
by  their  slender  twigs,  so  as  to  form  a  netted  or  reticular  framework ;  while 
in  Monocotyledons  the  branches  passing  from  the  mam  ribs  go  oft  nearly  at 
right  angles, become  suddenlymuch  more  slender,  aud  form  a  kind  of  square 
latticed  or  cancellate  framework  when  they  are  strongly  developed  (tig.  6J). 
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86.  The  general  outline  of  leaves  or  leaflets  is  indicated  by  certain 
technical  terms,  such  as : — circular  or  orbicular  (Hydrocotyle,  Tro- 
pceolum  majus)  (fig.  80) ;  roundish  or  subrotund,  approaching  the 
foregoing  (fig.  64);  elliptical  (fig.  65);  ovate,  egg-shaped  with  the 
broad  end  nearest  to  the  stalk  (fig.  66) ;  obovate,  the  same  shape,  with 
the  narrow  end  nearest  to  the  stalk  (fig.  67) ;  lanceolate  or  lance- 
shaped  (fig.  68) ;  sagittate  or  arrow-shaped  ('fig.  69) ;  hastate  or  dart- 
shaped  (fig.  70)  ;  cordate,  the  shape  of  a  heart  on  playing-cards,  with 
the  broad  end  nearest  to  the  stalk  (fig.  71)  ;  obcordate,  the  same  shape, 
with  the  point  attached  to  the  stalk  (fig.  101)  ;  reniform  or  kidney- 
shaped  (fig.  72)  ;  rhomboidal ;  triangular ;  or  the  reverse  of  this, 
cuneate  or  wedge-shaped  Cfig.  81)  :  deltoid :  spathulate  or  spatula- 


Fig.  64. 


A  palminerved  A  penninerved  A  subrotund,  entire, 

serrate  leaf.  entire  leaf.  penninerved  leaf. 


shaped  (fig.  73) ;  ensiform  or  sword-shaped  (as  in  the  Garden-flag)  ; 
linear,  a  long  narrow  form  with  parallel  margins  (fig.  74) ;  subulate 
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or  awl-shaped,  a  slender,  short  linear  form  soon  ending  in  a  point 
(fig.  75);  aoerqse.  needle-shaped  and  rigid  (Pines,  Juniper,  &c). 

87.  Sometimes  the  forms  aro  intermediate  between  some  of  the 
foregoing,  in  which  case  two  of  the  terms  arc  combined,  such  as 
ovate-lanceolate,  signifying  a  leaf  broader  than  lanceolate,  and  with 
the  lower  half  wider,  as  in  ovate  ;  linear -lanceolate,  a  long  and  nar- 
row lance-shaped  blade,  and  so  on.    The  term  oblique  is  applied  to 

Fig-.  69. 


Fig.  70. 


Fig.  71. 


A  hastate  leaf. 


A  sagittate  leaf.  A  cordate  and  cuspidate  leaf. 

leaves  where  the  portions  on  either  side  of  the  midrib  are  unequal, 
as  in  the  Begonias,  Lime,  Elm,  &c.  (fig.  76). 

Fig.  76. 


Fig.  72. 


Fig.  73.  Figs.  74, 75 


Fig.  72.  A  reniform  crenate  leaf  £■(?•  74.  A  linear  oaf. 

Fig.  73  A  .pathulate  leaf.  ,  i  *W  75.  A  subulate  leaf. 

Fig.  76.  An  obliquely  cordate,  serrate,  and  acuminate  loat. 

88.  Special  terms  are  also  required  to  describe  the  character  of 
the  base  of  the  leaf.    Thus,  cordate  at  the  base  may  be  added  to  ovate 
illiplical,  or  other  form,  where  this  condition  exists  ;  if  a  sessile  leaf 
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has  a  cordate  base,  it  becomes  aurrculate  or  eared  (fig.  77)  when  { 
the  borders  are  free  amj^mLMJ^fO  f  they  adhere  to  he 
stem.  The  last  form  is  a  transiti^ntothj  decurrent  state  (§  7b). 
When  the  posterior  lobes  of  a  sessile  leaf  extend  round  the  stem 
completely  and  become  confluent  on  the  other  side,  the  stem  appears 
to  run  through  the  leaf,  and  the  leaves  are  called  pMate  (fig.  78) 
when  the  basilar  lobes  of  a  pair  of  opposite  leaves  cohere  on  each 
side,  so  as  to  produce  a  similar  condition,  the  leaves  are  termed  con- 
nate ft"  79).  Sometimes  the  blade  is  gradually  narrowed  towards 
the*  petiole,  and  becomes  attenuated  at  the  base  ;  when  the  blade  passes 
still  more  gradually  into  a  broad-winged  stalk,  a  spathulate  form 
results. 

Fig.  78. 

Fig.  79. 


Fig.  80. 


An  auriculate  leaf.  A  perfoliate  leaf.  Connate  leaves. 

89.  Another  character  relating  to  the  base  is 
the  mode  of  attachment  of  the  blade  to  the  pe- 
tiole. Usually  the  midrib,  or  set  of  primary  ribs 
of  the  blade,  is  in  a  direct  line  with  the  petiole ; 
but  sometimes  the  ribs,  as  they  pass  from  the 
petiole  into  the  blade,  separate  and  radiate  from 
the  top  of  the  stalk,  so  that  the  latter  appears  to 
be  inserted  into  the  back  of  the  leaf ;  such  a  con- 
dition is  called  peltate,  and  occurs  in  Nelumbium, 
Tropazolum  majus,  and  other  plants  with  orbi- 
cular leaves  (fig.  80). 

90.  The  apex  or  point  of  the  leaf  has  certain 
characters:  it  maybe  acute,  or  sharp  (fig.  66);  acuminate, 
or  with  the  point  rather  drawn  out  (fig.  76)  ;  cuspidate. 
with  a  more  produced,  slender,  sharp  summit  (fig.  71);  or 
mucronate,  when  it  is  tipped  with  a  spine  (fig.  81).  It  may 
also  bo  obtuse,  when  an  ordinarily  pointed  form  is  suddenly 
rounded  off  at  the  tip  ;  emarginate,  when  there  is  a 
shallow  notch  where  the  point  should  be ;  retuse,  when  a 
notch  of  this  kind  is  deep  :  this  last  form  approaches  to 
the  obcordate  (fig.  101). 

91.  The  margins  of  the  leaf  are  cither  entire,  that  is,  with 


A  peltate  leaf. 


Fig.  81. 


A  cuneate 
and  mucro- 
nate leaf. 
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an  unbroken  edge  (fig.  64) ;  crenate,  when  they  exhibit  a  series  of 
small  rounded  teeth  or  scallops  (fig.  72) ;  dentate,  when  the  teeth 
are  acute  and  pointed  radially  (fig.  66)  ;  serrate,  when  sharp  teeth 
point  towards  the  apex  (fig.  76) ;  retroserrate,  when  sharp  teeth 
point  towards  the  base.  If  there  are  coarse  teeth,  the  margins  of 
which  are  again  more  finely  toothed,  as  in  the  Elm,  the  leaves  are 
doubly  serrate  .(or  doubly  dentate).  Sometimes  it  is  requisite  to  say, 
irregularly  toothed,  or  incised,  as  in  many  Thistles  ;  and  these  teeth, 
as  well  as  those  of  regularly  dentate  or  serrate  leaves,  may  be  tipped 
with  spines,  wnen  they  are  termed  smnose-serrate,  &c.  When  the 
outline  exhibits  shallow  wavy  curves,  it  is  sometimes  called  repand 
(figs.  79  <fe  80).    The  margin  may  also  be  revolute.  or  rolled  back 

,  toward  the  lower  face  (fig.  68) .  Sometimes,  through  excessive  growth 
of  the  marginal  parenchyma,  the  edges  of  the  leaf  are  undulated  (as 

'  when  the  edge  of  a  strip  of  paper  swells  from  being  wetted  (fig.  88). 

92.  A  very  large  number  of  simple  leaves,  and  of  leaflets  of  compound 
leaves,  are  divided  more  deeply  between  the  principal  ribs  ;  to  such 
the  general  name  of  lobed  leaves  is  often  applied,  and  the  more  or  less 
distinct  parts  are  called  lobes ;  thus  we  may  have  bilobed  (fig.  82), 
trilobed  (fig.  83),  and  so  on,  according  to  the  number  of  the  divisions. 


Fig.  84.        Fig.  85.        Fig.  86. 


Fie.  82.  A  bilobed  leaf.  Fig.  84.  A  pinnatifld  leaf. 

Fie.  83.  A  trilobed  leaf.  Fig.  85.  A  pinnatipartite  leaf. 

Fig.  86.  A  lyrate  leaf. 

93.  But  it  is  found  requisite  in  Descriptive  Botany  to  subdivide 
lobed  leaves  into  more  definite  classes  ;  of  these  there  are  two  prin- 
cipal types,  defined  by  the  character  of  the  ribbing.  When  the 
ribs  are  arranged  on  the  feathered  plan,  we  first  take  the  prefix 
pinnati-  (feathered),  and  subjoin  to  this  a  word  indicating  the  degree 
or  kind  of  division,  thus :  pirmatj^l  (feather-cleft),  if  the  broad 
notches  between  the  lobes  extend  from  the  margin  to  about  half- 
way between  this  and  the  midrib  (fig.  84) ;  pinjiQtjgariile,  if  the 
notches  extend  nearly  to  the  midrib  (fig.  85)  ;  pinnatisect,  if  the  sepa- 
rate lobes  are  almost  free,  and  merely  connected  by  a  narrow  strip 
of  parenchyma.    Certain  less  frequent  modifications  of  these  forms 
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of  the  feathered  type  are  conveniently  distinguished  by  technical 
terms,  such  as :— sinuate,  a  form  either  of  thepinncdifid  or  pinnatisect 
leaf,  when  the  excavations  and  the  apices  of  the  lobes  are  rounded, 
as  in  the  common  Oak-leaf ;  h^tte,  a  pinnatifid  or  pmnatipartite  \\ 
leaf,  with  the  end  lobe  much  'larger  than  the  rest  (fig.  bb) ;  rjm- 
cinate,  a  lyrate  or  simply  pinnatifid  leaf  with  the  points  of  the  lateral 
lobes  turned  towards  the  base,  as  in  the  Dandelion.  When  the  in- 
cisions are  deep,  but  very  irregular  in  size  and  form,  the  term 
niate  is  sometimes  employed. 

When  the  ribs  have  the  palmate  arrangement,  similar  terms  are 
subjoined  to  the  prefix  palmi-  or  palmati-,  as  pedmifid  (fig.  87),  pal- 
misect  (fig.  89),  and  palmipartite  (fig.  88),  according  to  the  depth  of 

Fig.  88. 

Fiar.  87. 


A  palmifld  leaf.  A  palmipartite  leaf,  the  lobes  undulated. 

the  divisions.  A  special  modification  of  this  type  occurs  not  unfre- 
quently,  when  the  lower  or  outer  ribs,  and  consequently  the  basilar 
lobes,  turn  back  more  or  less  towards  the  petiole  :  such  leaves  are 
generally  deeply  cut ;  but  the  general  prefix  pedati-  may  be  used  in 
the  words  pedatifid,  pedatisect,  or  pedatipartite  (fig.  90),  according 
to  the  rule  given  above. 


Fig.  89. 


Fier.  90. 


A  palmisect  leal. 


A  pedatipartite  left. 

1)  U 
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The  bilobcd,  trilobed,  quinquelobed,  and  similar  forms  are  usually  re- 
ferable to  the  palmate  typo,  and  should  be  more  definitely  named  if  they 
occur  in  a  genus  whore  the  leaves  exhibit  many  of  these  forms  in  a  constant 
manner ;  if  the  leaves  are  inconstant  in  the  depth  of  the  divisions,  these 
more  general  names  are  preferable. 

94.  Simple  leaves  divided  on  the  feathered  plan  exhibit  also  more 
complicated  conditions.  The  primary  lobes  of  a  pinnately  cut  leaf 
may  be  subdivided  again  in  the  same  manner,  and  the  secondary 
lobes  again  into  tertiary  lobes.  These  are  named  on  the  same  prin- 
ciples, bipinnati-  or  tripinnati-  -fid,  -sect,  or  -partite,  according  to 
the  degree  of  division  of  the  last  set  of  lobes,  i.  e.  of  the  secondary 
lobes  of  bipinnatifid  (fig.  91)  and  the  tertiary  of  tripinnatifid.  When 
the  leaves  are  subdivided  a  fourth  time,  or  even  where  tripinnatisect 
leaves  have  filiform  segments,  the  term  dissected  is  usually  employed. 

In  the  foregoing  paragraphs  we  have  endeavoured  to  exclude  those 
numerous  technical  terms  which  are  either  indefinite  or  superfluous, 
and  may  be  relegated  to  glossaries.  It  must  be  borne  in  mind  that  the 
terms  above  defined  are  applied  in  a  similar  manner  to  the  leaflets  of 
compound  leaves,  next  to  be  described,  being  subjoined  in  description  to 
the  terms  which  define  the  plan  and  degree  of  division  of  the  petiole. 

95.  Compound  leaves  are  such  as  have  the  petiole  branched  once 
or  more  times  before  it  bears  blades ;  the  branches  of  the  petiole 
are  called  nartial  petioles  or  ^etiolules,  and  are  often  articulated  to 
the  main  petiole,  which  in  this  case  is  occasionally  termed  the 
rpchis.  Stipels  occur  at  the  bases  of  some  partial  petioles.  The 
separate  blades  of  the  leaf  are  called  leaflets  (foliola),  or  pvrmm. 
Compound  leaves  may  be  classed  generally  into  simply,  doubly, 
triply  compound  or  decompound  [supradecomposita),  according  to 
the  number  of  successive  branchings  of  the  petiole.  The  ramifi- 
cation follows  the  same  types  as  that  of  the  ribs  of  simple  leaves, 
and  exhibits  analogous  subordinate  modifications. 

Pinnate  leaves  are  such  as  have  a  rachis  bearing  sessile  or  stalked 


Kg.  91.  Fig.  92.  Fig.  93. 


A  bipinnatMd  leal.  An  imparipinnatc  loaf.  A  paripinnate  loaf. 
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lateral  leaflets  arranged  on  the  feathered  plan.    Sometimes  there  is 
an  odd  terminal  leaflet,  when  the  leaf  is  unequally  or  impari- pinnate  \ 
(fig.  92).    When  there  is  no  end  leaflet,  the  leaf  is  abruptly  or 
van-  pinnate  (fig.  93).    Interruptedly  pinnate  means  that  the  oppo- 
Fig.  94.  Fig  96. 


Fig.  94.  A  binate,  geminate,  or  unijugate  pinnate  leaf. 

Fig.  95.  A  bipinnate  leaf,  the  pinnce  unijugate. 

Fig.  96.  A  bipinnate  leaf,  the  multijugate  pinnee  paripinnate. 

site  pairs  of  leaflets  are  alternately  large  and  small,  as  in  Agrimonia. 
The  pairs  of  leaflets  are  sometimes  called  juga,  and  if  only  one  pair  I 
exists,  the  leaf  is  unijugate-(^s.  94) ;  if  more  pairs,  multijugate.    If  \ 

Fig.  98. 


bipinnate  leaf,  the  pinna;  imparipinnatc.       A  tripinnato  leaf,  the  pinna;  impnripinnate. 
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the  leaflets  aro  not  in  pairs,  but  alternate  with  each  other,  the  leaf  is 
alter)\ipi,ni}ate. 

Bi  pinnate  leaves  are  formed  when  the  main  petiole  bears  secondary- 
petioles  with  distinct  leaflets  pinnately  arranged  (figs.  95-97).  Tri- 
pinnatc  leaves  exhibit  an  additional  (tertiary)  series  of  partial  petioles 
with  distinct  leaflets  (fig.  98).  When  the  division  goes  beyond  the 
third  degree,  the  leaves  are  called  decompound  (fig.  99) ;  but  it  is 
more  common  to  find  bipinnate  or  tripinnate  leaves  with '  their 
leaflets  pinnatifid,  -partite,  &c. 

£g£pig$e  (or  digitate)  leaves  are  such  as  have  a  number  of  distinct 
leaflets  arising  from  one  point,  like  the  ribs  of  a  simple  leaf  when  the 
plan  is  palminerved.  Bi-  or  trvpalmate  leaves  probably  do  not  exist. 
The  only  modification  appears  to  be  the  pedate  leaf,  analogous  to 
the  pedatisect  simple  leaf,  but  with  distinct  leaflets  (fig.  100). 


Fig.  99. 


Fig.  100. 


Fig.  101. 


Fig.  99.  A  pinnately  decompound  leaf. 
Fig.  100.  A  pedate  leaf. 


Fig.  101.  A  ternate  leaf  with  obcordate  leaflets. 


The  terms  ternate,  quinate,  and  septenate  are  often  applied  to  palmate 
leaves  with  a  definite  number  of  leaflets.  Ternate  leaves,  however,  may 
occur  either  on  the  palmate  (fig.  101)  or  pinnate  plan ;  if  on  the  latter, 
there  is  only  one  pair  of  lateral  leaflets  and  a  terminal  one  but  m 
these  the  petiole  is  ordinarily  developed  between  the  pair  of  leaflets 
and  the  end  one.  What  are  called  biternate  (fig.  102)  and  tnternate 
compound  leaves  are  in  most  cases  pinnate  leaves  with  unijugate 
and  terminal  leaflets.  Such  leaves  should  perhaps  be  called  ternatc- 
| pinnate  or  bitemato-pinnate,  &c. 
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A  modified  form,  apparently  intermediate  between  pinnate  and  palmate 
leaves,  like  some  termite  leaves,  occurs  through  the  suppression  of  the  mam 
rachis  of  the  bipinnate  leaves  of  some  Acacias,  giving  what  may  be 
called  a  palmipinnate  form  (fig.  103). 


Fig.  102.  A  bitemate  leaf.  Fig.  103.  A  palmipinnate  leaf. 


The  leaflets  of  compound  leaves  of  Flowering  plants  are  ordinarily 
called  pinnee,  and  their  subdivisions  lobes;  but  in  the  Ferns,  where  the 
leaves  are  highly  compound,  and  the  segments  somewhat  variable  in  the  j 
degree  of  confluence,  the  primary  divisions  of  the  leaf  are  called  pinnw,  I 
the  secondary  pinnules,  and  the  tertiary  lobes  or  segments.  In  highly  I 
compound  leaves,  the  ramification  of  the  petiole  and  subdivision  of  the  ' 
laminar  structure  become  less  complex  toward  the  apex. 

/  96.  The  varieties  of  texture  of  ordinary  leaves  depend  chiefly 
upon  their  anatomical  condition;  but  it  is  requisite  to  notice  here 
several  terms,  such  as  membranous,  leathery  (or  coriaceous),  suc- 
culent, &c,  used  in  Descriptive  Botany,  but  which  scarcely  require 
explanation.  In  aquatic  plants  the  leaves  are  usually  of  slighter 
texture :  when  they  float  on  water  (natant  leaves')  the  forms  and 
general  external  characters  are  not  much  modified  ;  but  when  they 
grow  wholly  under  water  {submerged  leaves),  they  are  not  only  more 
delicate,  but  are  sometimes  cut  up  into  fine  filiform  segments,  as 
in  Ranunculus  aquatilis. 

97.  The  duration  is  different  in  different  plants.  Those  which 
are  unfolded  in  spring  and  fall  off  in  autumn  are  called  deciduous. 
What  are  called  evergreen  leaves  vary  in  duration  :  thus  in  ordinary 
evergreens,  such  as  Ivy,  Cherry-laurel  (Prunus  Laurocerasus),  &c, 
the  leaves  remain  through  the  winter  and  fall  off  only  when  the  new 
ones  are  becoming  developed  in  the  spring  ;  while  in  many  Conifers, 
as  in  species  of  Pinus,  Araucaria,  &c,  the  leaves  remain  attached 
for  many  years. 

_  The  anatomical  structure  of  leaves  exhibits  many  interesting  modifica- 
tions, related  in  some  degree  to  the  media  and  climates  in  which  plants 
grow.   These  will  be  more  particularly  explained  in  another  place. 
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98.  The  surfaces  of  leaves,  like  those  of  herbaceous  stems,  exhibit 
a  variety  of  conditions  dependent  on  the  character  of  the  epidermal 
layer.  The  term  glabrous  indicates  a  smooth  surface  without  hairs 
or  other  appendages  ;  glahrescent  is  used  to  signify  that  a  surface, 
hairy  when  young,  becomes  smooth  when  the  leaf  is  mature,  by  the 
hairs  falling  off.  Some  smooth  surfaces  are  shining  •  and  this  is  very 
often  the  case  with  the  upper  surface  of  evergreen  leaves.  Hairy 
surfaces  are  differently  denominated,  according  to  the  character  of  the 
hairs  and  their  mode  of  occurrence.  Thus  &  pilose  surface  is  covered 
with  scattered  soft  and  small  hairs,  a  hirsute  with  scattered  long  hairs, 
a  hispid  with  scattered  stiff  hairs ;  while  a  pubescent  surface  is  covered 
closely  with  short  soft  hairs,  a  villous  closely  with  longish  weak 
hairs  ;  and  when  the  hairs  are  curled  and  interwoven,  the  terms  silky 
(sericeus),  woolly  (lanatus),  felted  (tomentosus),  or  jloccose,  are  applied, 
according  to  the  coarseness  of  the  hairs  and  the  thickness  of  the  coat 
they  form. 

99.  What  may  be  called  the  natural  smoothness  of  surfaces  may 
be  interfered  with  by  other  irregularities  analogous  in  their  nature  to 
hairs.  Slight,  almost  invisible  rigid  projections  render  the  surface 
scabrous ;  hard  rigid  hair-like  processes,  called  bristles  or  setae,  make 
the  surface  setose ;  and  similar  structures  still  more  developed  (oc- 
curring mostly  at  the  apex  and  the  points  of  the  teeth  of  leaves), 
called  spines,  sometimes  occur  and  produce  a  spinous  surface.  Modified, 
usually  compound  hairs,  containing  oily  or  resinous  secretions,  are 
called  glandular  hairs,  rendering  a  surface  viscous  or  glutinous,  which 
conditions,  however,  are  sometimes  produced  by  glands  sunk  in  the 
epidermis.  Stings  are  long  stiffish  hairs  containing  an  irritating  fluid. 
Scaly  (lepidotus)  surfaces  are  produced  by  the  occurrence  of  minute 
stalked  flat  scales,  analogous  in  their  nature  to  hairs.  Sometimes 
the  cuticular  layer  of  the  leaf  separates  in  minute  scale-Eke  frag- 
ments, giving  a  scurfy  appearance  to  the  surface,  which  is  termed 
furfuraceous  (as  in  the  leaves  of  the  Pine-apple  and  its  allies).  The 
pruinose  condition  is  that  which  results  from  the  conversion  of  the 
cuticle  into  a  thin  detachable  film  of  waxy  matter,  of  which  the 
"  bloom  "  of  plums,  grapes,  &c.  affords  an  example. 

Special  Modifications  of  the  Leaf  and  its  Parts. 

100.  Under  the  head  of  the  petiole  we  have  spoken  oiphyllodia 
as  blade-like  forms  of  the  petiole  (figs.  50  &  51).  Not  only  does  the 
leaf-stalk  exhibit  this  and  other  modifications,  disguising  its  real 
nature,  but  the  blade  also  and  the  stipules  are  subject  to  similar 
modifications,  in  which  the  organ  or  region  is  only  recognizable  by 
its  position  and  relations. 

As  these  metamorpkic  structures  fall  under  certain  types,  which  are 
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represented  in  different  cases  by  all  the  different  regions  of  the  leaf,  it  is 
most  convenient  to  describe  them  under  special  names. 

101.  Pitchers  (ascidja)  are  structures  of  the  form  indicated  by 
their  name,  producedby  peculiar  modes  of  development  of  the  petiole, 
the  blade,  or  of  both  together.  One  of  the  best-known  examples  is 
found  in  the  Nepenthes,  or  Pitcher-plants,  in  which  a  portion  of  the 
leaves  exhibit  a  very  long  stalk,  winged  at  the  base,  supporting  at 


Fig.  104. 


its  extremity  a  pitcher-like  sac  of  ordinary 
leafy  texture,  furnished  at  its  mouth  with  a 
little  flat  plate  resembling  a  lid  (fig.  104). 
The  pitcher  is  commonly  explained  as  a  kind 
of  phyllode,  or  foliaceous  petiole,  rolled  up, 
and  with  its  margins  confluent,  the  lid-like 
body  being  regarded  as  the  lamina ;  but  it 
appears  more  correct  to  consider  the  pitcher  as 
the  lamina  furnished  with  a  distinct  terminal 
lobe  {operculum).  Sarracenia,  a  North-Ame- 
rican bog-plant,  has  analogous  pitchers,  which 
are  sessile  at  the  base  of  the  flowering  stem ; 
Heliamphora  (Guiana)  has  the  pitchers  less 
complete,  the  inner  side  being  slit  down  as  it 
were  for  some  distance,  from  the  imperfect 
confluence  of  the  margins  of  the  leaf.  In  Dischidia  Rafflesiana  the 
pitchers  are  plainly  formed  from  the  blade,  and -are  open  at  the 
end  next  the  petiole ;  and  a  similar  condition  exists  in  the  pitchers 
formed  from  the  bracts  of  Marcgraavia  and  Norantea. 
Somewhat  allied  to  the  above,  on  a  small  scale,  are 
the  utriculi,  or  sacs  of  the  Utricularice  (fig.  105), 
little  bladder-like  organs,  closed  at  first  by  a  lid, 
developed  from  some  of  the  lobes  of  the  compound 
leaves  of  these  aquatic  plants,  and  apparently  serving 
as  "  floats."  In  other  aquatics  {Trapa,  Pontederia,  &c.) 
floats  are  formed  by  inflated  petioles,  constituting  as 
it  were  indehiscent  pitchers,  surmounted  by  ordinary 
blades. 

Teratological  illustrations  of  the  origin  of  pitchers  are  occasionally 
afforded  by  garden  plants.  This  has  been  especially'  observed  in  the 
Tulip,  in  which  the  leaf  next  the  flower-stalk  has  been  found  with  its 
margins  completely  confluent  into  a  kind  of  spathe,  which  bursts  by  a 
transverse  fissure  to  allow  the  flower  to  appear. 

102.  Tendrils  {cirri)  are  thread-like  processes,  curled  spirally, 
by  which  weak-stemmed  plants  attach  themselves  to  foreign  bodies'. 
They  may  be  modifications  of  any  part  of  the  leaf  or  of  a  branch! 
In  Lathyrus  the  blade-structure  of  the  leaf  is  more  or  less  deficient 
in  different  species.    In  L.  Aphaca  (fig.  106)  it  is  wholly  wanting, 


Pitcher  of  Nepenthes. 


Fig.  105. 


Utrieulus  or  air-sao 
of  Utricularia. 
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the  potiolo  running  out  into  a  tendril,  which  may  be  regarded  as 
consisting  either  of  the  leaf-stalk  alone,  or  of  this  and  the  midrib  of 
the  lamina.    In  L.  odoratus  (Sweet  Pea)  the  pinnately  compound 

Fig.  106. 


Fig.  106.  Leaves  of  Zathyrus  Aphaca,  represented  by  tendrils,  with  large  foliaeeous  stipules. 
Kg.  107.  Leaf  of  Gloriosa  superba,  prolonged  into  a  tendril. 

leaf  has  one  pair  of  leaflets,  and  usually  one  pair  of  tendrils,  and  a 
terminal  tendril  in  the  ordinary  place  of  the  remaining  leaflet.  In 
the  edible  garden  Pea  there  are  several  pairs  of  leaflets,  and  often 
several  pairs  of  tendrils,  with  a  terminal  one.  In  Gloriosa  superba, 
a  Liliaceous  plant,  the  broad  simple  lamina  runs  out  into  a  terminal 
tendril  (fig.  107).  In  Smilax  (fig.  108)  the  two  stipules  are  repre- 
sented by  a  pair  of  tendrils  :  while  in  the  Cucurbitacece  one  tendril 
only  occurs,  which  some  regard  as  a  stipule,  others  as  a  metamor- 
phosed leaf,  others,  again,  as  a  branch. 

Fig.  109. 


The  tendrils  of  the  Vine  (fig.  109)  are  modified  flowering  brandies,  placed 
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opposite  to  leaves,  and  often  tuberculated  by  the  existence  of  abortive 
flower-buds.  The  nature  of  the  axillary  tendrils  of  Passion-flowers  is 
similar. 

103.  S^nts  (spince)  are  hard,  sharp-pointed 
woody  processes,  formed,  like  tendrils,  by  mo- 
dification of  entire  organs  or  parts  of  such. 
Thus,  in  the  common  Berberry  some  of  the  leaves 
are  represented  by  compound  spines,  in  the  axils 
of  which  arise  fasciculate  groups  of  leaves.  In 
the  False  Acacia-tree  (Eobinict  Pseuclacacia) 
the  stipules  are  represented  by  a  pair  of  spines 
at  the  base  of  the  petiole  (fig.  110),  while  in 
certain  species  of  Astragalus  the  petioles  are 
converted  into  spines  after  the  fall  of  their  leaflets. 
Spinous  processes  are  developed  upon  the  petiole 
in  the  upper  part  of  the  compound  leaves  of  cer- 
tain Palms  (Plectocomia). 

True  spines,  however,  are  more  frequently  dependencies  of  the  stem, 
closely  associated  with  the  leaves :  thus  in  the  Gooseberry  they  are  de- 
veloped from  the  pulvinus,  or  protuberance  below  the  base  of  the  petiole. 
In  the  Black-thorn  {Primus  spinosa)  the  spines  are  real  branches  (fig.  Ill), 
as  also  are  the  spines  of  Gleditschia  triacanthos  (fig.  112),  and  the  principal 
spines  of  Furze  ( TJlex),  in  which,  however,  the  points  of  the  leaves  are 
spinous  also. 


Base  of  the  leaf  of  Ho- 
binia,  with  stipules  de- 
veloped as  Bpines. 


Fig.  111. 


Fig.  112. 


104. 


mg'  llo  a P-n°Ui  I""anc,h  °f2Vl<""«  "pinosa  (Black-thorn). 
Fig.  112.  Spinous  branch  of  Gleditschia  triacanthos. 


TJ^rns  (aculei),  properly  so  called,  are  sharp  woody  mo-\ 
cesses,  straight  or  curved,  occurring  upon  stems,  leaf-stalks,  at  the 
points  or  on  the  margins,  or  upper  surface  of  leaves.  They  are  di- 
*?*  8P™f  by  their  originating  from  the  epidermis, 
like  hairs  glands,  &c,  and  by  having  no  connexion  with  the  internal 
woody  substance  of  the  stem  or  ribs  of  the  leaves  &c. 
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105.  Glands. — This  is  perhaps  the  most  convenient  place  to  men- 
tion the  nodular  or  discoid  glandular  bodies  thaf%ccur  in  connexion 
with  certain  leaves,  as  on  the  petioles  of  Passiflora  &c.  They  are 
distinct  in  their  nature  from  the  epidermal  glands  above  mentioned 
(§  99),  and  considerable  attention  has  been  directed  to  them  on 
morphological  grounds;  hence  they  will  be  adverted  to  again  in 
speaking  of  the  flower. 


Sect.  5.  The  Leaf-bud. 


106.  The  bud  is  a  compound  structure,  composed  of  a  solid  conical 
basis,  supporting  a  number  of  rudimentary  leaves.  In  the  leaf-hud, 
or  rudiment  of  a  shoot,  the  conical  base  represents  the  future  stem, 
with  its  internodes  as  yet  undeveloped ;  the  scales  are  either  entirely 
rudimentary  leaves,  or  a  portion  of  them  on  the  outside  are  modi- 
fied leaf-structures,  forming  scales  for  the  protection  of  the  inner 
leaves,  and  destined  to  fall  off  when  the  bud  expands.  In  the  early 
conditions,  the  flower-bud  is  essentially  analogous  to  a  leaf-bud;  but 
its  ultimate  history  is  different,  as  will  be  shown  hereafter. 

Many  of  the  general  characters  of  buds  have  been  described  already, 
under  the  head  of  the  stem ;  but  there  are  some  other  more  special  pecu- 
liarities which  require  separate  treatment  here ;  and  repetition  of  certain 
more  important  facts  will  not  be  disadvantageous. 

107.  In  all  seeds,  except  in  those  of  the  few  Orders  which  present 
an  incomplete  or  acotyledonous  embryo,  the  young  plant  is  possessed  of 
a  rudimentary  bud,  called  the  plumule,  situated  at  the  point  of  growth 
of  its  ascending  axis  (figs.  113-115).    This  is  the  terminal  bud  of  the 

Fig.  115. 


Fig.  113. 


Fig.  114. 


Pig.  113.  Monocotyledonous  embryo  of  Potamogeton,  cut through  perpendicularly:  o,  radicle; 
Pig.  114.  Dicotyfefcous  em^  Bean  (Faba),  with  the  ootyledons  V  b"  separated:  o, 


Fig.  115.  Diagram  of  a  germinating  Dicotyledon,  with  the  plumule  or  terminal  bud  between 
the  expanded  cotyledons. 

young  plant ;  and  stems  and  shoots  only  retain  the  power  of  elongating 
so  long  as  they  possess  such  a  bud  at  their  extremity.    When  it  is 


THE  LEAF-BUD. 


67 


removed  by  artificial  means,  by  frost,  or,  by  metamorphosis,  is  re- 
placed by  a  flower,  the  onward  growth  of  the  shoot  ceases.  In  the 
Dicotyledons  the  power  of  growth  generally  becomes  early  distri- 
buted among  a  number  of  buds  ;  but  in  many  Monocotyledons  the 
terminal  bud  retains  its  original  preeminence,  becomes  very  large, 
and  by  its  continuous  evolution  produces  an  unbranched,  columnar 
stem,  as  in  the  Palms,  &c. 

Those  Ferns  which  become  arborescent,  likewise  grow  by  a  single  large 
terminal  bud.  The  Lycopodiaceas  exhibit  a  curious  series  of  bifurcations, 
which  seem  to  arise  from  the  suppression  of  the  terminal  bud  every  time 
ramification  is  repeated. 

108.  Axillary  buds  are  the  origin  of  the  ramification  of  stems. 
They  are  developed  in  the  avails  of  leaves ;  and  as  they  unfold  into 
secondary  axes,  they  become  the  terminal  buds  of  such  shoots.  Other 
axillary  buds  are  formed  at  the  nodes  of  these  secondary  shoots,  to 
repeat  the  ramification  by  developing  into  tertiary  axes  according  to 
the  type  of  the  species. 

It  is  evident  from  this,  that  the  mode  of  branching  of  a  stem  must 
be  essentially  dependent  on  the  arrangement  of  leaves ;  but  a  com- 
plication arises  from  the  frequent  suppression  or  non-development  of 
the  axillary  buds,  often  according  to  a  regular  plan ;  and,  in  fact,  it 
is  very  seldom  that  all  the  axillary  buds  of  a  stem  are  developed 
(figs.  116  &  117). 

Fig.  117. 


w!g'  }!t  *I,dneflnite  ramification,  with  development  of  terminal  and  axillary  buds, 
iig.  117.  Definite  ramification,  with  arrest  of  the  terminal  and  development  of  the  axillary 
buds,  producing  bifurcation. 

This  abortion  of  axillary  buds  is  most  extensively  displayed  in  Mono- 
cotyledons ;  for  the  frequent  existence  of  dormant  buds  in  the  leaf-axils, 
even  of  Palms,  is  shown  not  only  by  the  occasional  production  of  isolated 
lateral  shoots,  but  by  the  frequent,  and  in  some  cases  constant,  development 
at  budsm  the  axils  of  the  basilar  leaves,  forming  suckers  round  the  base  of 
the  stem.  A  similar  phenomenon  occurs  in  the  propagation  of  bulbs  &c. 
_  Among  Dicotyledonous  plants,  the  influence  of  the  suppression  of  buds 
in  regular  order  is  very  great.  In  the  Labiate  we  have  opposite  leaves  ; 
ana  as  pairs  of  axillary  buds  are  developed,  the  ramification  is  ffenerallv 
very  symmetrical;  in  some  of  the  Caryophyllacea  with  similarly  demssatc 
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Fig.  118. 


opposite  leaves,  one  axillary  bud  only  is  developed,  and  the  other  is  sup- 
pressed at  each  node,  so  that  the  branches,  arising  one  by  one,  stand 
spirally  arranged  upon  the  stem.  In  the  Firs,  the  branches  often  appear 
to  arise  in  whorls,  owing  to  the  periodical  development  of  a  number  of  buds 
in  the  axils  of  closely  succeeding  spirally  arranged  leaves,  with  long 
intervals  of  total  abortion. 

The  Ash  grows  year  after  year  from  its  terminal  bud,  which  closes  up 
into  a  winter-bud  in  the  autiunn.  In  the  Hazel,  Elm,  &c,  the  terminal 
bud  is  not  developed  in  the  autumn,  and  the  axillary  bud  next  below  con- 
tinues the  growth.  In  the  Horse-chestnut  (fig.  121),  the  terminal  bud  of 
the  annual  shoot  resolves  itself  into  an  inflorescence,  and  the  growth  of 
the  next  year  depends  upon  the  axillary  buds ;  the  same  is  the  case  in  the 
Lilac  (Syringa  vulgaris)  (fig.  118),  in  which, 
however,  in  this  country,  the  terminal  bud  is 
generally  hilled  by  frost  in  the  winter,  and  the 
pair  of  axillary  buds  next  below  produce 
blossom,  causing  still  more  marked  bifurcation 
of  the  branches. 

As  a  general  rule,  of  course,  the  frequent 
suppression  or  conversion  into  blossom  of 
terminal  buds  tends  to  produce  a  bushy 
mode  of  growth,  and  vice  versa.  In  addition 
to  this,  the  relative  force  of  development  of 
terminal  and  axillary  buds  is  very  important 
in  determining  general  form,  as  we  see  in 
comparing  the  Black  Poplar  with  its  common 
tall  variety  (the  Lombardy  Poplar),  or  Coni- 
ferous trees  generally  with  deciduous  trees. 
Even  among  the  individuals  of  the  same 
species  we  observe  great  differences  in  this 
respect,  dependent  on  external  conditions; 
for  both  Dicotyledonous  trees  and  Conifers 
differ  much  in  the  relative  proportion  of  main 
trunk  and  branches,  when  grown  in  close 
plantations,  or  standing  in  open  situations. 

Ordinarily,  only  one  bud  exists  in  an  axil 
(fig.  119) ;  butfrequent  exceptions  to  this  occur, 
as  in  some  species  of  Maple,  in  Honeysuckles 
(fig.  120),  and  in  the  Walnut.  However,  one 
of  these  is  generally  much  larger  than  the 
rest,  and  is  called  the  principal  bud,  while  the 
others  are  accessory. 

In  the  family  of  Solanaceee  the  axillary  buds  often  occur  m  an  irregular 
position,  arising  from  the  stem  at  a  lit**- distance  above  empty  leaf-axils. 
This  is  supposed  to  be  due  to  the  cohesion  of  the  stalk  of  the  bud  with 
the  stem. 

109.  Adventitious  or  accidental  buds  are  those  which  appear  con- 
trary to  the  usual  order,  at  indefinite  points,  unconnected  with  the 
axils  of  loaves.  Generally  speaking  thoy  are  abnormal  products, 
presenting  themselves  under  special  conditions.    They  usually  occur 


Pig.  118.  Shoot  of  the  Lilac,  de- 
stroyed down  to  the  first  pair 
of  axillary  buds. 

Fig.  119.  A  shoot,  with  a  terminal 
(a)  and  solitary  axillary  buda 
(6,8,6). 

Fig.  120. 


Numerous  axillary  buda  of 
Lonicera* 
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on  organs  in  a  very  active  state  of  vitality,  subjected  to  stimulating 
external  conditions,  especially  where,  through  natural  or  artificial 
operations,  there  is  an  absence  or  insufficiency  of  normal  buds  to 
carry  off  the  developmental  energy  of  the  plant  or  organ. 

Adventitious  buds  may  be  produced  from  any  part  of  the  plant.  With 
regard  to  those  produced  on  old  stems,  as  in  pollarded  trees,  or  those  which 
occur  on  subterraneous  stolons,  as  in  the  Rose,  Ash,  &c,  it  is  not  always 
easy  to  decide  without  dissection  whether  the  buds  are  really  adventitious 
or  merely  latent  axillary  buds  stimulated  into  development ;  but  true  ad- 
ventitious buds  do  occur.  The  production  of  adventitious  buds  on  true 
roots  has  been  frequently  observed,  as  in  Pyrus  japonica,  Madura  auran- 
tiaca,  Pauloivnia  imperialis,  &c. ;  and  the  Anemone  japonica  is  commonly 
propagated  by  cuttings  of  the  root.  The  formation  of  adventitious 
buds  on  leaves  is  a  still  more  remarkable  physiological  phenomenon.  It 
has  been  observed  chiefly  in  succulent  leaves,  but  is  not  exclusively  con- 
fined to  them.  When  it  takes  place,  the  first  sign  of  development  is  the 
production  of  adventitious  roots,  followed  by  the  formation  of  a  cellular 
nodule  which  subsequently  assumes  the  character  of  a  bud.  Among 
natural  examples,  the  leaves  of  Cardamine  pratensis  have  been  observed 
to  form  adventitious  roots  on  the  lower  side  when  lying  upon  wet  ground, 
and  even  to  produce  buds ;  the  leaves  of  several  Ferns,  such  as  Woodwar- 
dia  radicans,  root  at  the  end,  and  produce  buds  which  propagate  the  plant ; 
and  many  similar  instances  might  be  cited.  Artificial  production  of  buds 
on  leaves  is  now  a  familiar  fact,  under  the  influence  of  heat  and  moisture, 
not  only  on  the  scales  of  bulbs,  but  on  the  green  leaves  or  even  fragments 
of  the  leaves  of  JBryophyllwn,  JEcheveria,  Gloxinia,  Gesnera,  Soya,  &c. ; 
the  Orange  and  the  Aucuba  japonica  may  also  be  propagated  by  their 
leaves.  Sometimes  the  leaves  produce  rootlets  alone,  and  remain  stationary 
there,  without  having  force  enough  to  develope  a  bud. 

The  formation  of  adventitious  buds  on  leaves,  especially  in  Bryophyllum, 
where  a  number  are  often  produced,  arranged  on  the  margin,  is  of  great 
interest  in  connexion  with  the  theories  of  the  structure  of  ovaries  and 
the  origin  of  their  ovules. 

110.  The  bud  which  continues  the  growth  from  the  plumule  of  a 
germinating  plant  (fig.  115),  and  the  axillary  buds  produced  during 
a  season  of  active  growth,  are  composed  of  rudimentary  leaves ;  but 
the  winter-  or  resting  buds  formed  on  most  deciduous  trees  and 
shrubs  of  temperate  climates  present  the  peculiarly  modified  foliar 
organs  called  bud-scales  {tegmenta),  analogous  to  the  scales  of  bulbs 
and  other  subterraneous  buds  of  herbaceous  plants  (figs.  121  &  122). 
Buds  without  scales  are  called  ngjccd.  The  scales,  when  present,  are 
mostly  of  leathery  or  membranous  texture,  and  are  often  clothed 
more  or  less  densely  with  hairs,  which  are  sometimes  glandular  and 
produce  a  resinous  or  glutinous  secretion,  which  exudes  when  the 
buds  swell. 

When  winter-buds  swell  and  open,  throwing  off  their  scales,  the  inter- 
nodes  between  the  latter  do  not  elongate,  while  those  between  the  nas- 
cent leaves  do ;  consequently  the  starting-point  of  each  annual  period 
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of  growth  of  a  branch  with  an  indefinitely  developed  terminal  bud  ., 
indicated  by  a  little  band  of  scars  marking  the  place  where  the  scales  stood. 

Fig.  121. 


Fig.  122. 


Fig.  121.  Section  of  the  end  of  a  shoot  of  the  Horse-chestnut,  showing  the  terminal  and  two 
axillary  buds ;  the  terminal  bud  contains  an  inflorescence,  surrounded  by  scales 
and  rudimentary  leaves. 

Pig.  122.  Bud-scales  a,  b,  and  rudimentary  leaves  c,  d,  from  the  winter-bud  of  Prunus  Avium. 

111.  The  first  two  scales  of  a  bud  usually  stand  right  and  left  of 
the  axil  on  which  the  bud  arises ;  the  succeeding  scales  assume  at 
once  the  regular  character  of  arrangement  of  the  leaves  of  the 
species. 

In  winter-buds  there  is  commonly  a  gradual  transition  from  the 
pure  scale  to  the  true  leaf  (fig.  122),  as  occurs  in  bulbs  ;  and  the 
scales,  as  in  bulbs,  are  referable  chiefly  to  the  vaginal  or  petiolar 
portion  of  the  leaf.  But  the  scales  originate  differently  in  different 
cases  :  thus  we  have  petiolar  scales,  as  in  the  Walnut  and  Horse- 
chestnut  ;  stipular  scales,  as  in  the  Yine,  Oaks,  Elm,  Poplars,  &c. ;  in 
this  case,  however,  especially  in  the  outer  scales,  the  stipules  and  the 
petiole  are  confluent  into  one  organ  (Prunus,  Eosa,  &c.)  (fig.  122). 
Foliaceous  scales  are  formed  by  the  blade  of  the  leaf,  of  which  we 
have  examples  in  the  Lilac,  Maples,  Coniferas,  &c. 

112.  The  mode  in  which  rudimentary  leaves  are  arranged  in 
leaf-buds  is  called  the  vernation,  and  furnishes  important  syste- 
matic characters.    Two  points  have  to  be  regarded  here,  viz. : — 

1,  the  arrangement  of  the  leaves  in  relation  to  each  other;  and, 

2,  the  manner  in  which  each  separate  leaf  is  folded.  The  general 
arrangement  is  called  imbricate  jXLmlvate,  according  as  the  margins 
of  the  leaves  overlap  one  another  or  simply  meet  without  overlapping; 
but  more  minute  distinctions  are  observed,  and  these  depend  to  a  great 
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extent  on  the  phyllotaxy  of  the  species.  Thus  with  the  J,  £ ,  or  other 
spiral  plan,  we  have  usually  triquetrous  (fig.  124)  or  qumcuncial  (fig. 
126)  imbricate  buds  proper  ;  with  alternate  \  or  distichous  leaves  the 
vernation  may  be  eguitant  (fig.  123),  where  each  leaf,  sharply  folded 


Fig.  124. 


Fig.  126. 


Sections  of  Buds  showing  vernation. 
Fig.  123.  Imbricated,  and  equitant  (of  a  Grass). 
Fig.  124.  Imbricated,  triquetrous  (of  a  Carex). 
Fig.  125.  Induplieate,  decussate  (of  the  Apple). 
Fig.  126.  Imbricated,  quincuneial  (of  a  Poplar). 

(conduplicate),  completely  embraces  its  successor  (as  in  the  Flag),  or 
half-equitant  or  obvolute.  where  the  leaves  are  similarly  folded,  but 
each  leaf  embraces  only  one  (lateral)  half  of  the  blade  of  its  successor. 
Valvate  buds  occur  mostly  where  the  leaves  are  opposite ;  a  modifi- 
cation of  this  form  exists  where  the  margins  of  the  leaves  are  rolled 
inwards  (fig.  125),  and  is  called  induplicate  vernation. 

113.  The  individual  leaves  in  a  bud  are  either  jtet,  folded,  or 
r^kd.  For  the  first,  of  course,  no  special  term  is  requisite.  "T)f  the 
folded  leaves  we  have  : — redinate,  or  inflexed,  where  the  leaf  is 
folded  horizontally,  so  that  T,he  point  is  brought  down  to  the  base 
(Liriodendron)  ;  conduplicate  (fig.  123),  where  the  leaf  is  folded  per- 
pendicularly at  the  midrib 

and  the  lateral  halves  are     Fig.  127.      Fig.  128.  Fig.  129. 

placed  face  to  face  (Oak); 
and  pZ/cttte  (fig.  127),  where 
the  blade  exhibits  several 
perpendicular  folds,  as  in  a 
fan  (Yine,  Beech,  Maple, 
Currant,  &c)  ;  this  last  is 
often  combined  with  the 
preceding.  When  rolled 
up,  also,  this  may  take  place  in  either  direction :  where  the  apex  of 
the  leaf  is  rolled  down  toward  the  base,  as  in  the  Ferns  and  in 
the  flower-stalk  of  Brosera,  it  is  circinate ;  if  the  leaf  is  rolled  up  from 


Fig.  127.  Vernation  of  a  plicate  leaf. 
Fig.  128.  Vernation  of  a  convolute  leaf. 
Fig.  129.  Vernation  of  revolute  leaves. 
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side  to  side  like  a  plan,  with  only  one  edge  free,  as  in  the  Cherry 
&c,  it  is  convolute  (fig.  128) ;  when  both  margins  are  rolled  inward 
toward  the  midrib,  it  is  involute  (fig.  125) ;  and  when  both  margins 
are  rolled  outward  toward  the  midrib,  it  is  revolute  (fig.  129). 

All  these  terms,  both  the  individual  and  the  collective,  are  applied  in  the 
same  way  to  the  arrangement  of  the  parts  of  flower-buds,  called  eestivation. 

Sect.  6.  The  Inflorescence. 

114.  In  all  Flowering  Plants,  a  portion  of  the  buds  change  their 
character  at  certain  periods  and  in  certain  situations.  They  cease 
to  produce  leafy  shoots ;  the  foliaceous  organs  of  which  they  are 
composed  are  gradually  developed  into  that  assemblage  of  organs 
which  constitutes  a  flower  (§  21). 

So  intimately  are  the  leaf-bud  and  flower-bud  related,  that,  under 
peculiar  conditions,  producing  monstrous  growths,  flower-buds  are  seen 
to  expand  into  tufts  of  green  leaves,  or  imperfect  flowers  to  throw  out 
leafy  shoots  from  their  centres ;  such  cases  are  often  observed,  for  instance, 
in  cultivated  Roses  ;  and  leaf-shoots  may  likewise  exhibit  more  or  less  of 
the  characteristics  of  a  flower,  &c. 

115.  Mower-buds  are  subject  to  the  same  laws  of  arrangement 
as  leaf-buds.  The  buds  which  commence  the  growth  of  the  repro- 
ductive structures  may  be  at  once  developed  into  solitary  flowers,  or, 
as  is  more  common,  the  blossom-buds  unfold  into  a  system  of 
branches  terminating  in  flowers,  the  branches  all  originating  in  the 
axils  of  modified  leaves,  called  bracts.  The  solitary  flower,  or  the 
connected  system  of  flowers  arising  from  one  point,  is  called  the 
inflorescence,  which  is  either  terminal  (fig.  130)  or  axillary  (fig.  131). 

The  inflorescence  is  produced  from  the  terminal  bud,  or  from  this  and 
one  or  more  of  the  upper  axillary  buds  in  most  annual  plants ;  and  there  is 
often  a  gradual  transition  from  the  true-leaf  stem  into  the  bract-region, 
or  inflorescence.  The  same  is  the  case,  to  a  great  extent,  with  the 
flowering  stems  of  biennials.  The  inflorescence  of  herbaceous  perennials, 
bulbs,  &c.  is  either  terminal  or  axillary  (§§  46-48),  as  is  that  of  arbo- 
rescent plants.  In  the  Horse-chestnut  (fig.  121)  and  Lilac,  for  example, 
each  terminal  bud  ends  in  a  blossom,  while  in  the  Apple  and  its  allies 
the  inflorescence  is  axillary. 

When  the  inflorescence  is  developed»from  the  terminal  bud  of  an  un- 
branched  stem,  the  growth  of  the  plant  ends  in  the  blossoming,  as  is  the 
case  in  the  Ar/ave  or  American  Aloe,  the  Talipot  and  other  Palms,  which 
require  a  number  of  years  to  bring  them  to  the  point  of  flowering,  and 
then  die  away,  like  a  bulb  with  a  terminal  inflorescence,  the  plant, 
however,  being  sometimes  propagated  at  the  same  time  by  offsets  from 
the  axils  of  the  lower  leaves.  The  inflorescence  of  other  unbranched 
Palms,  such  as  the  Cocoa-nut,  is  axillary,  and  thus  may  be  repeated 
indefinitely. 

11G.  A  flowcr-bud  may  be  either  sessile  or  stalked;  if  the  latter, 
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its  stalk  is  called  the  peduncle  ;  in  branched  forms  of  inflorescence, 
the  slender  stalks  of  the  individual  flowers  are  called 


Fig.  130. 


Fig.  131. 


Fig.  130.  Diagram  of  the  Cowslip,  the  flowering  stem  (scape)  arising  from  a  terminal  bud. 
Fig.  131.  Diagram  of  Plantago  media,  the  spiked  flowering  stems  arising  from  the  axils  of 
the  leaves. 

117.  The  simplest  forms  of  inflorescence  consist  of  solitary  flowers, 
either  terminal,  as  in  the  Tulip,  or  axillary,  when  simple  pedun- 
cles arise  from  the  axils  of  ordinary  leaves,  as  in  Iqjsimachia  Num- 
mularia,  &c. 

118.  The  term  sccipe  (scapus)  is  applied  to  a  stem  devoid  of  true^^, 
leaves,  arising  underground  from  the  terminal  bud  or  from  the  axil**^' 
of  a  scale  or  leaf  of  a  rhizome,  bulb,  &c.  ;  this  may  be  simple,  as  in 

the  case  of  the  Tulip,  the  Primrose,  &c.,  or  compound,  as  in  the 
Hyacinth,  Cowslip  (fig.  130),  the  Plantain,  &c.  (fig.  131) ;  it  may  be 
called  compound  also  when  it  terminates  in  a  cqpitulum,  as  in  the 
Dandelion,  Daisy,  &c. 

When  solitary  flowers  arise  in  the  axils  of  ordinary  leaves,  the  flower- 
leaf  or  bract-region  of  the  stem  is  scarcely  represented ;  but,  generally 
speaking,  those  parts  of  the  stem  which  hear  flowers  are  separated  to  a 
certain  extent  from  the  true-leaf  region,  and  form  a  distinct  association  of 
parts,  representing  the  bract-region ;  such  is  distinctly  the  case  in  the 
compound  scapes  of  the  plants  above  referred  to  (fig.  131).  In  the  flower- 
ing stems  of  annuals  and  biennials  it  is  often  difficult  to  draw  a  line  at 
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the  boundary  of  the  true-leaf  region  and  the  inflorescence,  from  the  leaves 
passing  insensibly  into  bracts  from  below  upwards,  as  in  the  Foxglove. 

119.  The  leaves  of  the  flower-leaf  region  of  the  stem  are  called 
begets.  They  are  mostly  smaller  than  the  leaves  preceding  them, 
usually  simple,  and  often  scale-like,  consisting  of  the  vaginal  portion 
of  the  leaf  only.  In  the  generality  of  cases  they  are  green  ;  but  not 
unfrequently  they  are  tinged  with  the  same  colours  as  flowers  (as  in 
various  Sages),  or  are  even  entirely  petaloid.  In  other  cases  they 
are  membranous,  and  then  often  very  transient  in  their  existence. 
The  diminutive  term  bracteole  is  applied  to  the  small  bracts  which 
occur  on  the  pedicels  of  certain  plants,  often  in  pairs. 

The  term  bracteole  is  loosely  applied  by  some  authors  to  the  smaller 
bracts  of  a  compound  inflorescence ;  but  it  is  much  more  convenient  to 
use  the  term  bract  for  all  leaves  which  subtend  branches  of  the  inflo- 
rescence, and  to  call  those  scales  bracteoles  which  occur  on  an  ultimate 
pedicel,  as  in  many  LeguminosEe. 

120.  As  a  general  rule,  all  ramifications  of  inflorescence  arise  in 
the  axils  of  bracts  ;  but  the  bracts  are  sometimes  regularly  abortive, 
as  in  the  Cruciferae.  On  the  other  hand,  we  sometimes  find  the 
lower  part  of  the  inflorescence  crowded  with  bracts  with  empty 
axils. 

121.  In  many  Monocotyledonous  plants  the  bract  subtending  the 
inflorescence  is  large,  and  forms  a  kind  of  sheath,  called  a  sgatlie. 
Sometimes  this  surrounds  only  one  flower,  as  in  the  Daffodil,  the  Flag, 
&c.,  where  it  is  of  membranous  texture ;  the  membranous  spathe  of 
the  Onion  and  its  allies  encloses  a  dense  inflorescence  ;  in  the  Ara- 
cea3  (fig.  133)  it  is  still  more  developed,  and  sometimes  of  petaloid 
structure,  as  in  the  so-called  Trumpet-lily  {Richardia  cethiopica), 
where  it  encloses  the  club-like  inflorescence  ;  while  in  the  Palms 
(fig.  134)  it  assumes  enormous  dimensions  and  a  leaf-like  or  even 
fibrous  texture,  forming  a  sheath  to  a  large  and  greatly  ramified 
inflorescence. 

122.  In  other  cases,  bracts  are  collected  together,  forming  a  whorl 
or  densely  packed  spire,  called  an  involucre.  The  TJmbellifene  have 
frequently  verticillate  involucres  at  the  base  of  the  umbels,  and 
sometimes  secondary  whorls  or  involucels  at  the  secondary  umbels 
(fig.- 140).  In  the  Composita?  also,  where  the  flowers  are  crowded 
on  a  common  receptacle,  the  bracts  form  an  involucre  (figs.  141-146), 
the  parts  of  which  arc  sometimes  called  p^fartf*  i  smaller  scale- 
like bracts  occurring  among  the  florets  of  these  capitula  arc  called 
palece  (figs.  145  &  146).  Other  examples  of  involucre  arc  furnished 
Bythe cupules  of  the  Oak,  Beech,  Filbert,  &c,  also  by  the  glumes  or 
two  outer  scales  of  the  spikelets  of  Grasses. 

123.  The  different  forms  of  the  Inflorescence  or  connected  systems 
of  floral  axes  are  divisiblo  into  two  classes :— 1,  the  indefinite,  where 
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the  terminal  bud  of  the  main  or  primary  axis  does  not  form  a  flower, 
the  flowers  being  borne  on  secondary  lateral  branches  ;  and,  2,  the 
definite,  where  the  primary  axes  bear  terminal  flower-buds,  while 
the  succeeding  flowers  spring  from  secondary  axillary  branches  pro- 
duced lower  down,  and  subsequently  to  the  terminal  bud. 

Examples  of  the  first  are  seen  in  the  Cruciferse,  especially  the  Wall- 
flower, where  a  few  flowers  at  first  appear  in  a  tuft,  while  the  seed-vessels 
are  afterwards  wide  apart  on  an  elongated  raceme,  the  uppermost 
being  the  youngest.  In  the  Foxglove  and  similar  plants  we  may  pro- 
duce a  very  long  development  of  the  indefinite  structure  by  picking  off 
the  lower  flowers  as  they  wither,  when,  as  no  seed  is  formed,  the  inde- 
finite terminal  bud  retains  its  energy,  and  continues  to  lengthen  until  the 
plant  is  exhausted.  On  the  other  hand  we  observe,  in  the  Sweet-William, 
the  Elder,  and  the  Hydrangea,  the  centre  flower  of  a  tuft  opens  first,  and 
the  definite  inflorescence  becomes  wider  and  wider,  but  never  grows  out 
in  the  centre. 


Fig.  134. 


Fig.  135 


Fig.  133. 


lie- 132.  Spike  of  Verbena  officinalis.  Fig.  134.  Compound  spate  and  snathe  of  a  Palm 
E.g.  133.  Spadix  and  spathe  of  Calla.       Fig.  135.  Spiie,  with  spikelets,  oholium. 

124  The  flowers  generally  open  in  the  order  of  their  development  • 
and  thus,  when  an  indefinite  inflorescence  is  of  a  flat-topped  or 
crowded  character,  the  outer  flowers  open  first  and  the  central 
last,  as  in  the  capitula  of  the  Composite.  Hence  the  indefinite 
lorros  of  inflorescence  are  sometimes  called  centripetal  and  the 
definite  centrifugal. 

7)Zh0ie  ^ception  to  the  ordinary  regularity  in  the  canitula  of 

e  2 
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125.  Of  the  Indefinite  Inflorescence  the  following  are  the  most 
important  forms  : — the  spike,  the  raceme,  the  corymb,  the  panicle,  the 
umbel,  and  the  capitulum. 

Of  the  Definite  Inflorescence  the  chief  kinds  are,  the  cyme  (with 
its  modifications),  the  fasciculus,  and  the  ccenanthium. 

126.  The  sgiJce  is  a  long  simple  axis  or  rachis  bearing  sessile 
I  flowers,  either  standing  at  intervals,  as  in  the  Vervain  (fig.  132), 

or  crowded,  as  in  the  common  Plantain,  Triglochin,  and  many 
Sedges. 

Several  modifications  of  the  spike  have  distinct  names.  When  the 
rachis  bears  large,  persistent,  imbricated  scales,  it  forms  a  cone  or 
strobile,  as  in  the  Firs  and  Pines.  When  it  is  thick  and  fleshy,  with 
the  flowers  more  or  less  imbedded  in  it,  the  term  spgdix  is  applied, 
of  which  the  Aracese  furnish  examples  (fig.  133) ;  the  same  term 
is  conveniently  retained  when  this  fleshy  axis  is  branched,  as  in  the 
Palms  (fig.  134).  The  so-called  spikes 
of  many  Grasses,  such  as  Wheat,  Barley, 
Eye-grass  (fig.  135),  Cat's-tail-grass, 
&c,  are  also  compound  spikes,  since  in 
place  of  single  flowers  the  rachis  bears 
spilcelets  or  short  axes  with  several 
sessile  flowers.  The  term  catkin  {amen- 
tum) is  applied  to  the  pendent,  often 
caducous,  spike-like  inflorescence  of  the 
Willow,  Poplar,  Birch  (fig.  136),  and 
the  male  inflorescence  of  the  Oak,  Fil- 
bert, Chestnut,  &c. ;  in  these  the  bracts 
have  sometimes  one,  sometimes  several 
flowers  in  their  axils. 

127.  The  raceme  differs  only  from  the  spike  in  having  the  flowers 
*  distinctly  stalked,  as  in  the  Hyacinth,  Mignonette,  the  Portugal 

Laurel,  &c. 

The  cgQJlpb  is  formed  when  the  flowers  originate  as  in  the  ra- 
ceme, but  the  lower  ones  are  raised  on  longer  stalks  than  the  upper 
ones,  so  as  to  bring  them  all  nearly  on  a  level,  as  in  Orai- 
tlwgalum  (fig.  137)  &c. 

As  already  noticed,  a  corymbose  inflorescence  sometimes  grows  out 
into  a  raceme  while  the  fruits  are  ripening,  as  is  seen  in  many  Cruciferos. 
The  relation  between  the  two  forms,  or,  more  properly,  between  the 
panicled  and  the  corymbose  state  of  the  same  inflorescence,  is  well  seen 
in  comparing  a  Cauliflower  as  fit  for  the  table,  with  the  expanded  in- 
florescence of  the  same  plant  when  allowed  to  run  to  seed. 

128.  The  ^mple  is  formed  when  the  lateral  buds  produce  rami- 
fied axes  instead  of  single  flowers  (fig.  138)  ;  it  is  hence  merely  a 
compound  or  branched  raceme ;  when  the  lower  branches  extend  out 


Catkins  of  the  Birch. 
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further  horizontally,  and  the  entire  inflorescence  thns  becomes  pyra- 
midal, the  term  thyrse  is  occasionally  used  (Horse-chestnut). 

Fig.  138. 


Fig.  137. 


Corymb  of  Orniihogalum.  Panicle  of  AMsma  Plantago, 

129.  The  umbel  is  formed  by  a  number  of  single  flowers  borne  on 
long  stalks  of  nearly  equal  length  arising  from  one  point,  as  in  the 


Fig.  140. 


Simple  umbel  of  Butomus  umbellatus. 


Compound  umbel  of  the  Carrot. 


common  Cherry,  the  Onion  and  its  allies,  Butomus  umbellatus  (fig. 
id9)  the  Cowslip  (fig.  130),  &c.  In  the  family  of  Umbelliferse,  so- 
called  trom  the  prevalence  of  this  inflorescence,  the  umbels  are  mostlv 
compound  (fig.  140)  ■  that  is,  the  first  set  of  radii  do  not  bear  flowers 

sTcoSy  Self  °f  branCheS'  f°rminS  UmMUhs>  or' 
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Umbels  usually  have  an  involucre  at  the  hase  of  the  radii,  as  noted 
above  (§  122).  The  simple  umbels  of  the  Onion  group  are  originally 
enclosed  in  a  membranous  spathe. 

130.  The  mpitidiim.  is  mostly  formed  by  the  floral  axis  expanding 
into  a  thickened  mass,  surrounded  by  an  involucre  of  overlapping 
bracts,  presenting  a  convex,  flat,  or  concave  surface  (common  recep- 
tacle), upon  which  are  crowded  a  number  of  sessile  flowers,  as  in  the 
families  of  Composite  and  Dipsaceae)  (figs.  141-146).  In  the  Com- 
posite there  are  often  little  membranous  bracts  (palece)  at  the  out- 


Fiff.  141. 


Pig.  142. 


Fig.  143. 


Fig.  144. 


Pig.  141.  Capitulum  of  Scabiosa. 

Fig  142  Vertical  section  of  the  capitulum  of  Scabiosa. 
Pig  143.  Eeceptacle  of  Daisy  with  the  florets  removed. 
Fig  144  Eeceptacle  of  Dandelion  with  the  florets  removed. 


Fig.  146. 


Fig.  145. 


Fig  145.  Section  of  a  capitulum  of  a  Composite  plant  with  pale*  at  the  base  of  the  tubular 
Fig  146  Section^mp^capitulum  of  a  Composite  plant  with  a  paleaceous  receptacle. 

side  of  each  flower  (figs.  145,  146)  ;  in  the  Dipsace*  each  flower  is 
surrounded  by  a  cup-like  involucre  (fig.  142). 

/lower,  and  its  involucre  a  common  calyx. 

131  The  flowers  in  the  oapitnla  of  the  Composite  arc  called 
a^ddSEnames are  appUed to  this  i«J-~^rvf 
\  \  \  tothe  mode  of  arrangement  of  the  florets.    In  the  Daisj ,  *  e  observe 
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a  yellow  middle  disk  and  a  white  or  pinkish  ray  ;  the  dish  is  com- 
posed of  florets  different  in  character  from  the  spreading  florets 
of  the  ray  (fig.  145).  Some  capitula  are  wholly  discoid,  such,  as 
those  of  Groundsel  (Senecio  vulgaris),  of  Thistles,  &c. ;  others  are 
wholly  radiant,  such  as  those  of  the  Dandelion,  Lettuce,  &c. 

It  should  be  observed  that  cidtivation  tends  to  convert  tubular  florets 
into  spreading  ones,  and  so  to  obliterate  the  yellow  disk  or  eye,  as  we 
observe  in  the  Dahlia,  garden  Daisy,  &c. 

132.  Capitula  of  less  marked  character  are  found  in  other  fa- 
milies, where,  however,  the  involucre  is  wanting ;  for  example,  the 
flowers  of  Clover  (Trifolium)  have  a  capitular  arrangement,  as  also 
those  of  many  Proteaceous  plants  {Banksia). 

133.  The  term  cyme  (fig.  147)  is  very  general  in  its  application ; 

Kir.  147. 


5E* 


Paniculate  cyme  of  Cerastium, 


Scorpioid  cyme  of  Myosotis  palustris. 


for  it  is  used  in  reference  to  a  number  of  forms  more  or  less  re- 
sembling outwardly  the  raceme,  corymb,  and  others  of  the  indefinite 
type,  but  all  agreeing  in  producing  a  terminal  flower  on  each  shoot, 
and  continuing  the  subsequent  evolution  by  axillary  development. 

The  loose  cymose  inflorescence  of  many  Caryophyllacese  illustrates 
the  definite  mode  of  growth  very  clearly :  the  primary  axis  termiuates 
in  a  flower,  then  branches  arise  in  the  axils  of  a  pair  of  bracts  lower  down  ; 
these  branches  repeat  the  process,  and  their  branches  again,  until  the 
flowering  shoot  is  exhausted. 

134.  "When  the  cyme  is  loose  and  irregular,  no  special  term  is  added 
to  this  distinctive  name.  But  if  the  axillary  branching  goes  on  to 
many  degrees,  and  the  peduncles  acquire  such  lengths  that  the  outline 
of  the  whole  inflorescence  becomes  rounded,  we  have  a  globose  cyme 
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(fig.  149),  as  m  the  Snowball  (Viburnum  Ojmlus).  If  the  outer 
brandies  spread  and  grow  up  so  as  to  produce  a  flattish  or  convex 
collection  of  flowers,  as  in  the  Elder  and  the  garden  Hydrangea,  it 
is  called  a  flat  ovjorvmbose  cyme  (fig.  151). 


Fie.  149. 


Pig.  151. 

lvm  ivi  if  rir  tfht  iv 

..©  00© 


Pigs.  149-151.  Diagrams  illustrating  the  centrifugal  development  of  cymose  inflorescences. 
Pig.  149  a  globose,  fig.  150  a  scorpioid,  and  fig.  151  a  corymbose  cyme. 

In  some  cases  the  axillary  buds  are  only  developed  on  one  side  of 
the  primary  axis,  and  so  on  with  the  secondary  axes  :  in  this  way  an 
inflorescence  resembling  a  raceme  is  produced ;  but  the  axillary  evolu- 
tion of  each  new  bud  gives  the  structure  a  circinate  or  scroll-hke 
form  during  the  development,  which  at  once  distinguishes  this  scoj-- 
pioidcynie.  It  is  very  characteristic  of  the  family  of  the  Boragi- 
naceiT(ngs.  148  &  150). 

135.  The  fasciculus  is  a  cymose  collection  of  nearly  sessile  flowers, 
forming  a  dense  flat-topped  bunch,  such  as  we  see  in  the  Sweet- 
William  and  other  species  of  Dianthus.  "Where  a  cymose  tuft  of 
only  a  few  flowers,  crowded  together  in  this  way,  occurs  in  the  axil 
of  an  ordinary  leaf,  the  inflorescence  is  sometimes  called  &  glomerulus, 
as  in  many  of  the  Labiatse. 

136.  In  the  Fig  the  peduncle  or  common  receptacle  is  fleshy  and  ex- 
cavated (fig.  152),  the  flowers  beinginside  and  developed  centrifugally ; 
in  Dorstenia  (fig.  153)  the  receptacle  is  flat  or  slightly  concave  on 
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the  top,  while  in  Artocarpus  and  other  cases  the  flowers  are  on  the 
outside-  of  a  convex  peduncle.  These  forms  of  inflorescence  are  only- 
slight  modifications  of  the  capitulum.  The  term  coenanthium  has 
teen  used  to  designate  them,  hut  is  now  rarely  used. 


Fig.  152.  Fig.  154. 


Fig.  152.  Coenanthium  of  the  Fig;  the  flowers  inside  the  excavated  fleshy  receptacle. 
Fig.  153.  Ccenanthium  of  Dorstenia ;  the  flowers  imbedded  in  the  fleshy  receptacle. 
Fig.  154.  Compound  inflorescence  of  Digitaria. 


137.  Some  plants,  especially  herbaceous  perennials,  have  what 
is  called  a  compound  inflorescence,  wherein  the  flowering  region  of  the 
stem  appears  to  be  composed  of  a  number  of  distinct  inflorescences 
arranged  on  a  regular  plan.  The  plan  of  the  ramification  of  the 
main  axis  may  be  the  same  as  that  of  the  individual  inflorescences, 
as  in  the  Umbelliferse,  where  both  the  primary  and  the  secondary 
umbels  unfold  centripetally ;  sometimes  the  separate  inflorescences 
are  arranged  in  a  different  form  belonging  to  the  same  class,  as  in 
the  case  of  the  umbellate  collection  of  spikes  in  certain  Grasses 
(Digitaria,  fig.  154)  &c. 

In  other  cases  there  is  a  mixed  condition,  since  in  many  Com- 
posite the  individual  capitula  are  centripetally  developed,  while 
they  succeed  one  another  on  the  main  stem  in  a  centrifugal  or 
cymose  order;  in  the  Labiate  the  cymose  axillary  glomerules  (which, 
occurring  opposite  to  each  other,  form  verticillasters  or  false  whorls) 
are  developed  from  below  upwards,  the  main  stem  being  indefinite, 
and  they  are  often  crowded  together  above  so  as  to  form  a  kind  of 
compound  spike. 

The  general  facts  of  the  morphology  of  the  different  forms  of  inflo- 
rescence of  each  type  are  easily  seen  to  be  conformable  to  the  laws  ruling 
the  development  and  ramification  of  the  vegetative  stem.  Buds  are  either 
terminal  or  axillary  to  bracts :  sometimes,  indeed,  the  bracts  are  suppressed; 
but  even  in  families  where  this  is  almost  universally  the  ride,  they  make 
their  appearance  occasionally  in  abnormal  examples.  The  occurrence  of 
a  number  of  buds  or  flowers  crowded  on  one  point  arises  merely  from  the 
non-development  of  the  internodes,  as  in  fasciculate  leaves,  &c. ;  and  the 
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Fig\  155. 


remembrance  of  this  at  once  explains  the  close  relation  of  all  the  indefi- 
nite forms  of  the  inflorescence.  Thus,  suppose  we  take  a  cupitulum,  and 
imagine  each  of  the  florets  raised  on  a  long-  peduncle,  it  would  become  an 
umbel  \  if  the  peduncles  branched  in  like  manner  to  the  primary  stalk,  we 
should  have  a  compound  umbel.  If,  instead  of  branching-,  the  receptacle  of 
the  capitulum  grew  up  into  a  long  straight  axis,  it  would  become  a  spike 
with  lateral  flowers ;  if  these  acquired  stalks,  a  raceme  would  result,  from 
which  the  corymb  only  differs  in  the  greater  development  of  the  stalks  of 
the  lower  flowers,  while  a  ramification  of  the  peduncles  would  give  rise  to 
a  panicle. 

138.  In  certain  cases  we  have  the  normal  condition  of  the  inflo- 
rescence greatly  disguised,  as  in  ■foliaceous  veduncles.  and  in  cases  of 
what  is  called  fasciat^^,  as  also  wTeretne  fiower-stalks  are  appa- 
rently removed  from  their  usual  place  by  adhesion  of  various  kinds 
and  degrees. 

In  many  kinds  of  Cactus,  as  Fig.  156. 

f  already  noticed  (§  57),  the  stem 
I  assumes  more  or  less  the  outward 
I  aspect  of  a  leaf;  and  when  a 
flower  arises  on  such  a  stem,  it 
looks  like  an  abnormal  growth  ; 
but  it  is  really  produced  from 
the  terminal  or  axillary  bud  of 
an   abortive  branch.     In  the 
l^ch^s^broOTn   (Emeus,  fig. 
^155)Tn,esrngle  peduncles  are 
Y   flat  leaf-like  plates,  and  bear  the 
flowers  in  the  axils  of  little 
scales  which  arise  on  the  upper 
surface,  seemingly  from  the  mid- 
rib of  a  leaf ;  but  these  foliaceous 
peduncles  grow  from  the  axils  of 

scale-like  leaves.  In  Xylophylla  (fig.  156)  we  find  a  compound 
foliaceous  peduncle,  consisting  of  a  large  leaf-like  branch  bearing  nu- 
merous flowers  on  its  margins,  arising  there  in  the  axils  of  bracts. 

Fasciation  is  usually  an  abnormal  condition,  consisting  of  the  fusion  of 
a  number  of  peduncles  into  a  solid  mass,  bearing  the  flowers  on  the  borders. 
It  produces  the  crest-like  condition  of  the  flower-stalk  of  the  garden 
Cockscomb ;  and  it  occurs  not  unfrequently  in  the  Scrophulariacea?  &c, 
so  as  to  convert  a  paniculate  inflorescence  into  a  riband-like  axis  with 
irregularly  scattered,  short-stalked  solitary  flowers. 

Adhesion  of  the  peduncle  to  the  leaf  or  bract  produces  an  appearance  as 
if  the  flower  sprang  from  the  latter,  as  in  the  case  of  the  Lime-tree.  A 
similar  union  or,  rather,  lack  of  separation  between  the  flower-stall?  and  the 
branch  produces  the  cxtraa.villan/  inflorescence,  of  some  species  of  Solatium. 
Other  cases  of  extraaxillary  inflorescence,  wherein  the  inflorescence  is 
placed  opposite  to  a  leaf;  as  'in  the  case  of  the  Vine,  Solanum  Dulcamara, 


Fig.  155.  Foliaceous  peduncles  otEuscus 
aculea/vs. 

Fig.  156.  Foliaceous  flowering  branch  of 
Xylophylla. 
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&c,  are  explained  by  the  circumstance  that  the  inflorescence  is  in  reality 
terminal  (as  may  readily  be  seen  in  the  young  state),  but  as  growth 
Soes  on  it  bends  downwards  into  nearly  a  horizontal  position,  while  the 
Axillary  bud  next  beneath  it  developes  into  a  shoot  which  assumes  a 
vertical  direction,  thus  occupying  the  position  of  the  inflorescence,  buch 
branches  are  called  by  French  botanists  usurping  branches. 

139.  The  inflorescence,  like  the  leaf,  varies  in  its  duration.  The 
staminal  catkins  of  the  Amentiferte,  such  as  the  Oak,  Hazel,  Poplar, 
&c,  fall  off  as  soon  as  the  pollen  is  discharged  from  the  stamens, 
and  they  are  called  cachccous.  In  many  cases  the  inflorescence,  or 
the  individual  peduncles,  separate  by  a  disarticulation  when  the 
fruit  is  ripe,  as  in  the  Apple,  Cherry,  &c. ;  the  term  deciduous  is 
then  applied.  In  the  Rose  we  observe  the  dried-up  fruit  long 
remaining,  like  the  cones  of  Firs  &c,  after  the  seeds  have  become 
matured ;  these  are  persistent.  Sometimes  the  peduncles  undergo 
expansion  during  the  ripening  of  the  seeds,  so  as  to  form  part  of  the 
fruit ;  such  an  inflorescence  or  peduncle  is  called  excrescent.  The  j 
Fig,  the  Pine-apple,  and  other  fruits  are  formed  of  excrescent  inflo-  J 
rescences ;  the  Cashew-nut  (Anacardium)  has  an  excrescent  peduncle^ 

Sect.  7.  The  Floweb. 

140.  The  Flower,  the  characteristic  reproductive  apparatus  of 
the  higher  plants,  consists  of  no  new  elements  superadded  to  the 
fundamental  organs  of  the  vegetative  regions,  but  is  merely  an 
assemblage  of  these  organs  modified  in  certain  essential  particulars 
so  as  to  fit  them  for  exercising  new  functions. 

A  flower  is  a  modified  branch,  in  which  the  internodes  of  the  stem 
are  seldom  developed,  while  the  leaves,  arranged  according  to  the 
general  phyllotactic  laws,  are  more  or  less  different  in  form  and 
texture,  have  part  of  their  tissues  developed  into  more  highly  special- 
ized products,  and,  in  part,  give  origin  to  buds  distinguished  both  in 
anatomical  and  physiological  characters  from  those  associated  with 
vegetative  leaves. 

The  study  of  the  modifications  or,  as  they  are  often  called,  the  meta- 
morphoses of  the  organs  of  the  flower  forms  one  of  the  most  attractive, 
and  at  the  same  time  most  important  departments  of  Morphology,  and  has 
now  advanced  far  enough  to  set  all  general  questions  at  rest ;  but  in  an 
elementary  work  it  is  desirable  to  furnish  some  of  the  more  striking 
proofs  of  the  doctrine  which  is  enunciated  in  the  preceding  paragraph. 

The  theory  of  the  construction  of  the  flower  rests  upon  proofs  derived 
from  three  sources  :  the  most  numerous  facts  are  furnished  by  teratology, 
or  the  study  of  abnormal  growths ;  but  the  strongest  confirmation  of  the 
views  arising  out  of  the  observation  of  such  cases  is  obtained  by  coi^a- 
rative  anatomy  or  analogy,  and  by  the  investigation  of  progressive  de- 
velopment. 

We  may,  in  the  first  place,  remark  upon  what  is  taught  by  the  study 
ot  development.   Flowers  are  common  in  which  the  organs  stand  in 
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regular  circles,  and  in  which  the  organs  of  each  circle  agree  in  colour, 
size,  and  so  on ;  but  in  many  cases  we  find  deviation  from  this  regularity : 
the  arrangement  of  the  organs  becomes  changed,  and  the  parts  of  parti- 
cular circles  become  more  or  less  different  among  themselves — as,  for  ex- 
ample, in  the  flowers  of  the  Pea-tribe,  of  Labiatae,  &c.  But  when  we 
examine  the  buds  of  any  of  these  flowers  in  a  very  young  state,  we  find 
the  rudimentary  organs,  with  very  few  exceptions,  regularly  arranged, 
and  while  in  the  state  of  cellular  papillae,  agreeing  exactly  in  all  external 
characters.  The  subsequent  irregularity  is  a  result  of  special  growth  at  a 
later  epoch.  In  didynamous  stamens,  for  example,  the  longer  pair  do  not 
exceed  the  others  until  a  late  period  of  their  development. 

The  original  uniformity  and  homogeneity  of  the  organs  of  flowers 
are  not  always  so  completely  lost  in  the  maturation  of  the  structures,  that 
the  different  secondary  types  of  organs,  sepals,  petals,  &c.  become  entirely 
distinct.  The  study  of  comparative  anatomy  reveals  very  many  cases  of 
transition  from  one  kind  of  organ  to  another,  illustrating,  in  a  very  inter- 
esting manner,  the  doctrines  of  morphology. 

In  Calycanthus  Jloridus  the  numerous  pieces  of  the  floral  envelopes  pre- 
sent a  spiral  arrangement,  and  it  is  impossible  to  find  a  distinct  line  of 
demarcation  between  the  coloured  bracts,  the  calyx,  and  the  corolla.  In 
species  of  Coi-nus  and  Euphorbia,  the  coloured  bracts  of  the  involucre 
assume  quite  the  aspect  of  a  coloured  calyx  or  corolla.  In  the  White 
Water-lily  {Nymplima),  a  transition  between  sepals  and  petals  is  seen  in 
the  segments  of  the  calyx,  which  are  green  outside  and  petaloid  inter- 
nally, while  we  have  perfectly  petaloid  sepals  in  many  flowers,  as  in  Aco- 
nites, Larkspurs,  &c,  and  particularly  in  the  showy  bulbous  Monocoty- 
ledons commonly  cultivated,  e.  g,  the  Lily  (IAMum),  Tulip,  Crocus,  &c. 

In  the  Water-lily,  again,  we  observe  a  gradual  transition  between  petals 
and  stamens,  the  latter  appearing  first  as  petaloid  plates,  with  anther- 
structure  on  the  edges.  In  Canna  it  is  the  ordinary  ride  for  the  stamen 
to  be  a  kind  of  petal  bearing  an  anther-lobe  on  one  upper  edge.  A  more 
or  less  expanded  petaloid  state  of  the  filament  is  not  unusual,  and  in  the 
Mistletoe  the  stamens  are  flat,  leafy  organs,  with  the  pollen  developed  in 
the  parenchyma  of  the  inner  face. 

The  stamens  and  pistils  being  so  diametrically  opposed  in  their  physio- 
logical characters,  we  naturally  do  not  expect  to  find  any  transition 
between  these  organs  in  normal  flowers,  though  in  monstrous  develop- 
ments such  transitions  are  frequent.  The  ovules  have  been  seen  bearing 
pollen,  and  the  anthers  ovules. 

The  study  of  Teratology,  the  interpretation  of  monstrous  growths  by 
reference  to  laws  of  development  more  or  less  interfered  with  by  external 
agency,  is  very  instructive  in  regard  to  Morphology.  In  the  abnormal 
products  of  nature  or,  still  more,  of  art  we  find  illustrations  of  almost 
every  possible  kind  of  the  general  proposition  above  mentioned. 

In  the  first  place,  cases  have  been  not  unfrequently  observed  where  the 
entire  flower  has  been  replaced  by  a  fascicle  of  green  leaves,  especially  m 
the  Alpine  Strawberry.  In  wet  seasons  it  is  not  uncommon  to  find 
flowers  of  the  White  Clover  with  more  or  less  of  the  organs  modified  in 
this  way,  the  pistil,  one  or  more  of  the  stamens,  &c.  appearing  in  the 
form  of  green  leaves,  occasionally  compound  and  ternate,  as  on  the  stem 
below.    In  the  Double  Cherry  of  gardens,  the  place  of  the  pistil  is  often 
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occupied  by  a  pair  of  green  leaves;  in  the  Fraxinella  a  circle  of  green 
leaves  has  been  observed,  in  the  place  of  the  ovary. 

Metamorphoses  within  the  limits  of  proper  floral  organs  are  still  more 
common.  Thus,  almost  all  polypetalous  flowers,  and  many  monopetalous, 
are  capable  of  being  "  doubled  "  by  cultivation,  that  is  to  say,  the  number 
of  petals  may  be  increased  at  the  expense  of  the  stamens,  or  of  these  and 
the  pistils.  For  example,  the  Wild  Rose  has  but  five  petals,  and  many- 
stamens  and  pistils,  but  in  our  garden  Roses  the  numerous  stamens  and 
pistils  are  often  altogether  replaced  by  petals.  In  many  cases  inter- 
mediately formed  structures  exist  in  such  double  flowers :  in  the  double 
early  Tulip,  for  example,  we  almost  always  find  monstrous  organs,  half- 
petal  and  half-stamen,  and  even  half-stamen  and  half-carpel ;  the  same 
may  be  observed  in  double  Pinks  and  Carnations.  Illustrations  obtained 
in  this  way  might  be  multiplied  ad  infinitum.  It  should  be  observed,  how- 
ever, that  in  double  flowers  we  frequently  find  not  only  all  the  essential 
organs  replaced  by  petals,  but  an  actual  multiplication  of  the  natural 
number  of  organs,  as  in  Roses,  Camellias,  double  Daffodils,  &c. 

In  the  last  place,  we  may  advert  to  the  phenomena  of  the  abnormal  evo- 
lution of  buds  within  the  liniits  of  flowers.  Cultivated  Roses  sometimes 
send  out  a  leafy  shoot  from  the  centre  (prolification),  the  terminal  bud 
not  becoming  arrested  as  is  natural ;  on  Apples  and  Pears  we  occasionally 
see  one  or  two  leaves  growing  out  from  the  summit,  from  the  same  cause. 
In  addition  to  this,  the  organs  of  the  flower  may  assert  their  foliar  nature, 
by  producing  flower-buds  in  their  axils,  like  stem-leaves.  This  has  been 
observed  in  the  case  of  the  petals  of  Celastrus  scandens,  and  also  of 
Clarhia  elegans,  and  occurs  sometimes  in  garden 
Roses*. 

These  general  observations  will  serve  to  show 
the  essential  homology  of  all  the  lateral  organs 
of  flowering  plants  with  ordinary  leaves,  and 
more  especially  with  the  vaginal  or  leaf-scale 
portion  of  the  leaves.  The  laws  under  which 
the  varieties  of  form  &c.  are  produced  within 
the  limits  of  the  flower  all  cooperate  to  substan- 
tiate the  same  general  principles. 

141.  The  organs  of  flowers  have  been 
enumerated  in  a  former  Section  (§§21-25) : — 
1,  the  sepals,  forming  the  calyx ;  2,  the  petals, 
forming  the  corolla  ;  3,  the  stamens,  forming 
the  anclrcecium ;  and,  4,  the  carpels,  forming 

Ithe  pistils  or  gyncecium.    That  portion  of  the 
peduncle  upon  which  all  these  organs  are 
attached  is  called  the  receptacle  or  thalamus ; 
it  seldom  has  the  internodes  much  developed,  Di$S  t^oL^Z^ 
out  is  more  or  less  expanded  horizontally,    i>amted  by  intemodes. 
When  it  forms  a  flattened  surface  above,  its  centre  corresponds,  of 

*  A  general  review  of  these  abnormal  or  unusual  formations,  and  of  the 
inferences  that  may  be  derived  from  them,  is  given  in  Dr.  Masters's  'Vegetable 
Teratology,'  published  by  the  Eay  Society.  B 
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course,  to  the  apex ;  and  we  may  thus  say  that  the  ahove-named  organs 
succeed  each  other  from  without  inwards,  or  from  below  upwards. 

The  accompanying  diagram  of  the  floral  whorls  (fig.  157)  illustrates  the 
theoretical  construction  of  a  perfect  and  symmetrical  flower.  Here  the 
internodes  are  imagined  to  he  developed  between  the  separate  circles  of 
the  flower — an  arrangement  which  does  occasionally  occur  in  nature. 

142.  All  axillary  flowers  arise  in  the  angle  between  a  bract  or 
leaf  and  the  stem  ;  from  this  is  taken  the  rule  as  to  relative  position 
of  organs,  in  describing  flowers.  The  side  of  the  flower  next  the 
I  stem  is  the  upper  or  posterior  part,  that  next  the  bract  the  anterior 
or  lower  ;  and  in  the  ground-plans  often  used  to  represent  the  con- 
struction of  flowers,  it  is  important  to  mark  the  places  of  the  axis  and 
the  bract,  the  former  being  represented  behind,  the  latter  in  front. 

In  the  rare  cases  where  flowers  are  truly  terminal,  there  is  no  proper 
back  and  front ;  but  in  plans  of  these,  the  position  of  the  last  leaf  or  bract 
should  be  shown.  When  bracts  are  suppressed,  as  in  the  Cruciferse,  we 
of  course  find  the  back  of  the  flower  by  the  position  of  the  organs  in 
reference  to  the  parent  stem. 

143.  Since  the  organs  of  flowers  are  modified  leaves,  we  naturally 
seek  for  laws  of  arrangement  corresponding  to  the  phyllotaxy  of 
stem-leaves  ;  and  we  find  that  the  so-called  whorls  of  organs,  especi- 
ally of  the  calyx  and  corolla,  are  often  really  spiral  cycles  of  organs 
developed  successively  on  the  \  or  |  plan,  but  reduced  into  ap- 
parent whorls  by  the  absence  of  internodes. 

This  is  distinctly  the  case  in  such  a  calyx  as  that  of  the  Eose,  where 
the  sepals  are  imbricated  and  stand  quite  on  the  f  plan  (figs.  158-160). 

Fig.  158. 


Fig.  159. 


Fig.  158.  Calyx  of  the  Rose :  the  numbers  indicate  the  sequence  oi  the  sepals  from  without 

Fig.  159.  ttttiSS^Xlfc****"*  the  numbers  as  in  the  preceding 
figure. 
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In  the  ternary  floral  envelopes  of  many  Monocotyledons  we  find  illustra- 
tions of  the  £  type.  Sometimes  the  spiral  arrangement  is  still  more  evident, 
especially  where  there  exist  great  numbers  of  a  particular  kind  ot  organ,  as 
in  the  mixed  petals  and  stamens  of  Nymphcca,  and  the  multiple  pistils  ot 
Ranunculus,  Magnolia,  Sec.  In  Calycanthus  all  the  organs  follow  on  m 
a  continuous  spiral.  . 

In  other  cases  the  floral  organs  are  developed  simultaneously,  wUen  a 
true  whorl  is  produced. 

144.  According  to  the  number  of  organs  in  a  cycle  or  apparent 
whorl,  these  are  distinguished  as  dimerous  or  bymry,  trimerpus  or 
ternary  (fig.  161),  tetramerous  or  quaternary,  and  pentamerous  or 
160. 


Fig. 


Fig.  161. 


Fig.  160.  Diagram  of  the  •§  spiral  arrangement  of  leaves,  for  comparison  with  fig.  159. 
Fig.  161.  Diagi'am  or  ground-plan  of  the  3-merous  flower  of  the  Tulip. 


Fig.  162. 


quinary  (fig.  162).  The  ternary  arrangement  is  by  far  the  most 
common  in  the  Monocotyledons,  the  quinary  in  the  Dicotyledons. 

Most  frequently  the  calyx  and  corolla  have 
an  equal  number  of  parts;  the  number  of 
organs  is  prone  to  increase  in  the  staminal 
circles,  and  still  more  frequently  to  diminish 
in  the  carpellary  whorl. 

145.  In  the  majority  of  cases  we  find 
the  organs  of  each  successive  whorl  deve- 
loped alternately  with,  and  not  opposite 
to,  those  of  the  preceding  circle. 

From  this  the  whorls  would  appear  to  re- 
semble the  decussating  whorls  (§  66)  of  true 
leaves,  rather  than  regularly  succeeding  spiral 
cycles.  We  have  seen  that  these  decussating 
whorls  are  closely  related  to  the  spiral  cycles ; 
but  the  relations  are  not  clearly  made  out. 

very  numerous  cases  of  flowers  with  the  organs  imbricated  in  the  bud, 
that  the  spiral  arrangement  is  very  evident,  and  the  whorled  appear- 
ance presents  itself  only  after  the  expansion  of  the  flower.  Now,  if  the 
s  or  f  cycles  succeeded  regularly,  the  organs  of  successive  cycles  should 
be  opposite  and  not  alternate.  A.  de  Jussieu  has  supposed  that  the  organs 
are  arranged  on  the  spiral  -ft  type  in  all  trimerous  and  pentamerous 


Diagram  or  ground-plan  of  the 
5-merous  flower  of  Crassula. 

Moreover  we  find  in  the 


88 


MORPHOLOGY,  OH  COMPARATIVE  ANATOMY. 


flowers  with  imbricated  aestivation.  Inspection  of  the  diagrams  in  a  former 
page  (43)  will  show  with  how  little  displacement  the  organs  of  such  flowers 
may  be  arranged  on  this  type ;  and  there  is  much  probability  that  the 
alternation  of  spirally  arranged  cycles  results  from  some  such  cause, 
while  the  alternation  of  organs  in  flowers  with  valvate  aestivation  is  re- 
ferable to  the  same  laws  as  the  decussation  of  whorls  of  leaves.  The  ex- 
ceptional cases  of  opposition  of  organs  will  be  explained  presently. 

146.  The  typical  flower  in  our  diagram  consists  of  four  circles  of 
organs  equal  in  number  of  parts,  and  with  the  parts  regularly  alter- 
nating. A  flower  thus  presenting  all  the  whorls  is  called  complete ; 
the  organs  in  each  circle  being  similar,  it  is  regular  •  and  the  number 
of  organs  in  each  circle  being  the  same,  it  is  moreover  symmetrical. 

147.  Almost  every  kind  of  deviation  and  combination  of  deviations 
from  this  type  are  met  with ;  but  the  modifications  are  referable  to 
distinct  causes,  which  admit  of  classification  under  a  few  general  heads. 
1.  Alteration  of  the  number  of  circles,  or  of  the  number  of  organs 
in  the  circles ;  this  may  arise  either  from  multiplication,  or  from  sup- 
pression or  abortion  of  parts.  2.  Union  of  the  organs  together ;  this 
may  be  merely  coalescence  of  the  margins  of  organs  of  the  same 
whorls  (cohesion),  or  confluence  of  normally  distinct  whorls  (adhesion). 
3.  Unequal  development  or  degree  of  adhesion  in  the  organs  of  parti- 
cular whorls,  producing  irregularity.  4.  Irregular  development  either 
of  the  receptacle,  or  production  of  out-growths  from  various  organs  by 
enation.    5.  Substitution  of  one  organ  by  another  (metamorphosis). 

Dr.  A.  Gray  has  furnished  an  interesting  illustration  of  these  laws  of 
modification,  from  a  family  (Crassulacese)  in  which  different  kinds  of 
deviation  occur  together  with  examples  of  very  symmetrical  flowers.  In 
Crassula  (fig.  162)  is  found  a  simple  symmetrical  pentamerous  flower,  with 
five  sepals,  five  petals,  five  stamens,  and  five  pistils,  all  regularly  alternating, 
and  only  slightly  confluent  at  the  base.  In  Tillcea  some  species  have  four, 
some  only  three  organs  in  each  whorl,  but  the  flowers  are  still  regular  and 
symmetrical.  In  Sedum  (Stone-crops,  &c.)  the  flowers  of  some  species 
are  pentamerous,  those  of  others  tetramerous,  but  here  the  number  of  sta- 
mens is  doubled  by  the  introduction  of  an  entirely  new  circle  of  these  organs 
(multiplication).  Mochea  has  the  margins  of  its  petals  slightly  coherent, 
while  in  Grammanthes  the  petals  and  sepals  are  respectively  coherent 
more  than  halfway  up.  Cotyledon  has  coherent  envelopes,  and  a  double 
series  (multiplication)  of  stamens  as  in  Sedum,  to  which  is  added  an  ad- 
herence of  the  stamens  to  the  tube  of  the  corolla.  In  Penthorum  the  five 
stvles  are  coherent  firmly  together  below,  while  in  some  cases  its  petals 
are  supjrressed.  In  Setnpervivum  (Houseleek)  the  number  of  sepals,  petals, 
and  pistils  varies  in  different  species  from  six  to  twenty,  and  the  stamens 
from  twelve  to  forty. 

148.  Multiplication  of  the  number  of  circles  is  very  common,  espe- 
cially as  regards  the  stamens.  In  the  trimerous  flowers  of  Iiliaoesa  and 
AmaryllidaceoB  there  are  six  stamens  standing  in  two  circles  of  three. 
In  the  Poppy  family  the  tetramerous  circles  are  still  more  multiplied ; 


THE  FLOWER. 


89 


and  in  the  Kose,  Buttercup,  &c.  we  have  further  examples.  When 
the  number  exceeds  three  or  four  circles  of  one  kind  of  organ,  the 
organs  are  said  to  be  indefinite  in  number,  and  the  verticiUate 
arrangement  becomes  very  indistinct  in  the  opened  flower.  In  the 
White  Water-lily  we  have  multiplication  both  of  petaline  and 
staminal  circles  ;  and  in  Magnolia,  Ranunculus,  &c.  the  pistils  are 
much  multiplied,  exhibiting  in  these  a  distinctly  spiral  arrange- 
ment. 

Multiplication  of  circles  occurs  abnormally  in  the  double  flowers  of 
gardens,  in  which  we  often  find  far  more  organs  than  exist  in  the  normal 
state,  as  in  Daffodils  and  other  flowers  where  the  organs  are  naturally  few 
in  number. 

149.  Multiplication  of  the  organs  in  particular  whorls  occurs  in  a 
number  of  flowers,  and  is  explained  differently  by  different  authors. 
Sometimes  the  multiplication  is  collateral,  a  pair  of  stamens,  for 
example,  standing  in  place  of  one  ;  in  other  cases  the  organ  is  divided 
transversely  into  an  inner  and  outer  part  or  into  a  fasciculus  of 
organs.  The  real  cases  of  collateral  multiplication  may  probably  be 
explained  by  the  circumstance  that  the  staminal  leaf,  in  these  cases, 
as  in  an  ordinary  lobed  or  compound  stem-leaf,  becomes  subdivided 
and  thus  forms  a  lobed  or  compound  stamen.  The  multiplication 
where  organs  stand  one  within  the  other,  or  in  tufts,  may  perhaps 
be  referred  to  developments  in  the  axil  of  the  floral  leaves  or  to 
enation,  when  they  are  not  better  interpreted  by  supposing  suppres- 
sion of  whorls,  with  collateral  chorisis  of  those  retained. 

The  doctrine  of  chorisis  or  dedoublement,  in  which  organs  are  supposed 
to  split  into  layers,  seems  to  rest  on  very  insecure  foundations.  Some 
regard  the  pairs  of  long  stamens  in  the  tetramerous  flowers  of  Crucifer» 
(often  represented  by  forked  filaments  with  double  „. 
anthers  in  some  species  of  Streptanthus)  as  formed  of  & 
a  bilobed  leaf ;  but  the  symmetry  is  generally  better 
explained  by  supposing  the  glands  to  represent  sup- 
pressed stamens  of  three  whorls  (fig.  163) ;  for  a 
Crucifer  {Megacarpcea  potyandra,  Benth.)  has  poly- 
androus  stamens.  The  singular  stamens  of  Fumaria 
and  allied  species  are  supposed  by  some  to  be  ex- 
amples of  chorisis;  by  others,  and  probably  more 
truly,  results  of  irregular  confluence.  Perhaps  the 
best  evidence  is  furnished  by  the  numerous  dimidiate  Digram  0f  a  Cruciferous 
anthers  of  the  Malvaceae,  the  tufts  of  Hypericacefe  HZf  :/LleJinJ'V!r,8ta- 
and  Myrtacese ;  but  these  are  rather  due  to  a  pro-  Z lon(g  S  in  ttE 
gressive  outgrowth  or  exuberent  development,  outer  oirc'li  the  ante- 
whereby  an  originally  simple  organ  becomes  com-  S^doffi"."'^ 
pound,  than  to  any  splitting  of  a  perfect  organ,  placed  by  glands. 
Ine  transverse  chonsis  has  been  imagined  to  bear  relation  to  the  nrodno 
turn  of  scale-like  or  petaloid  appendages  on  the  face  of  petals,  &c  as  in 
Sdene  &c. ;  but  sucn  structures  can  hardly  have  any  concern  in  the 
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multiplication  of  organs,  since  we  find  that  in  double  Daffodils,  con- 
taining fifty  or  sixty 'petals,  every  one  of  these  possesses  its  process,  re- 
presenting a  segment  of  the  nectary  found  in  the  throat  of  this  flower. 
The  transformation  of  such  a  scale  is  supposed  to  give  birth  to  the  oppo- 
site stamens  of  Rhamnaceaj,  the  opposite  groups  of  stamens  in  Tiliacese, 
&c.  But  opposite  solitary  stamens,  such  as  those  of  llhamnaceaj  and 
Primulacere,  probably  arise  from  the  suppression  of  an  outer  staminal 
circle.  Moreover  such  scales  are  usually  mere  outgrowths  produced  by 
enation  from,  the  petals  at  a  comparatively  late  stage  of  their  development. 

150.  In  describing  the  phenomena  of  diminution  of  the  number 
of  circles  or  organs  of  flowers,  it  is  convenient  to  distinguish  between 
suppression  or  total  absence,  and  abortion  or  partial  absence,  when 
the  organs  are  represented  by  imperfect  or  rudimentary  structures. 

A  complete  flower  possesses  a  calyx  and  a  corolla ;  the  corolla,  and 
even  the  calyx  also,  are  wanting  in  some  flowers,  which  are  termed 
incomplete ;  when  the  corolla  alone  is  wanting,  the  flower  is  apetalous.: 
the  term  naked  is  occasionally  applied  to  flowers  without  any  floral 
envelopes. 

The  terms  dichlamydeous,  having  calyx  and  corolla,  monocMamydeous, 
having  calyx  alone,  and  achlamydeous,  destitute  of  floral  envelopes,  are 
used  by  some  systematic  botanists  in  place  of  the  above.  These  conditions 
are  not  very  secure  bases  for  systematic  divisions,  since  it  is  not  uncommon 
to  find  apetalous  plants  in  Orders  having  ordinarily  complete  flowers,  as 
in  the  Caryophyllacese  (Sac/ina  &c.) ;  the  apetalous  condition,  however, 
is  constant  in  a  large  number  of  orders;  and  familiar  examples  occur 
in  the  Nettle  family,  the  Chenopodiacese,  the  Amaranths,  &c.  Achlamy- 
deous flowers  occur  in  the  Willows,  Callitric/ie,  &c.  as  a  rule,  while  they 
also  occur,  in  exceptional  cases,  even  sometimes  on  the  same  plant  with 
complete  flowers,  as  in  Viola  and  Impatieris. 

151.  When  essential  organs  (stamens  and  pistils)  of  both  kinds 
are  present,  the  flower  is  called  hermaphrodite  (this  condition  is 
indicated  by  the  sign  ^  ).  In  many  plants  one  of  the  circles  of  es- 
sential organs  is  suppressed,  so  that  a  given  flower  has  only  stamens 
or  only  pistils ;  such  flowers  are  termed  iinisexual  or  diclinous. 
The  diclinous  flowers  are  called  respectively  staminiferous  or  male 
(  S  ),  and  pistilliferous  or  female  (  5  ).  When  flowers  of  both  kinds 
occur  on  the  same  plant,  this  is  called  monoecious  (Oak,  Birch,  Vege- 
table Marrow,  &c.)  ;  when  they  are  on  distinct  individuals,  the  plant 
is  termed  dimious  (Hop,  Willow,  Bryony,  etc.) ;  when,  as  in  some 
cases,  the  imperfection  results  from  a  kind  of  regular  abortion  rather 
than  total  suppression,  and  the  same  plant  or  species  exhibits  at  once 
staminate,  pistillate,  and  hermaphrodite  flowers,  it  is  termed  poly- 
gamous (Parietaria,  many  Palms,  and  Maples,  &c).  Some  plants 
bear  neuter  flowers,  destitute  of  both  stamens  and  pistils :  such  is 
the  case  naturally  with  the  outer  florets  of  many  Composita;,  and  it 
is  constantly  seen  in  the  garden  Snowball  (Viburnum  Opulus)  and 
Hydrangea. 
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The  diclinous  condition  is  often  typical  in  certain  families,  such  as 
Amentiferre,  &c. ;  but  cases  occur  not  unfrequently  in  exceptional  genera 
of  ordinary  hermaphrodite  families,  as  Ruscus  among  the  Liliacea? ;  or  in 
exceptional  species  (by  abortion),  as  in  Lychnis  dioica ;  sometimes  it  oc- 
curs by  abortion  in  species  normally  possessed  of  perfect  flowers,  as  m 
Asparagus, 

152.  The  suppression  of  an  entire  circle  necessarily  renders  a 
flower  apparently  unsymmetrical ;  for  when  the  corolla  is  absent,  we 
find  the  stamens  commonly  opposite  the  segments  of  the  preceding 
circle,  as  in  Cherwpoclium ;  but  this  is  really  in  accordance  with  the 
normal  type,  as  the  stamens  should  be  opposite  the  sepals,  the  inter- 
mediate petals  (here  suppressed)  alternating  with  both.  Not  unfre- 
quently we  find  abortive  organs,  such  as  sterile  filaments  or  "  glands," 
of  various  kinds  forming  circles  which  restore  the  symmetry  of  ap- 
parently unsymmetrical  flowers. 

The  cases  of  unsymmetrical  conditions  arising  from  the  opposition  of  the 
organs  of  succeeding  whorls  are  explained  by  some  authors  entirely  by 
the  doctrine  of  suppression  or  abortion ;  others  refer  some  of  these  cases 
to  chorisis  (§  149).  In  Geranium  we  find  alternating  with  the  petals  five 
little  glands  which  must  be  regarded  as  abortive  stamens,  since  in  the 
succeeding  whorl  the  five  stamens  alternate  with  these  and  stand  opposite 
the  petals ;  the  five  innermost  and  longer  stamens,  again,  are  opposite  the 
glands.  In  JErodium  the  outermost  row  is  represented  by  glands,  the 
second  row  by  sterile  filaments,  and  only  five  perfect  stamens  exist. 
Much  the  same  conditions  occur  in  the  Linaceae.  On  the  ground  of  such 
facts  as  these,  the  opposition  of  the  stamens  to  the  petals  in  Bhamnacese, 
Byttneriacese,  the  Vine,  &c.  has  generally  been  explained  by  supposing 
a  circle  of  stamens  to  have  been  suppressed  between  the  petals  and  the 
existing  stamens.  Several  recent  writers  attribute  the  stamens  of  Bham- 
nacese to  chorisis  of  the  petals  with  suppression  of  the  true  stamens, 
extending  the  same  explanation  to  Byttneriacese  and  the  Vine,  where 
the  true  stamens  are  represented  by  sterile  rudiments  or  glands  within  the 
existing  stamens.    In  Primulaceas,  the  opposition  of  the  stamens  to  the 

fietals  is  obviously  a  result  of  suppression ;  for  in  Samolus  we  find  five 
obes  on  the  throat  of  the  corolla  alternating  with  the  petals,  while 
Lysimachia  ciliata  has  five  sterile  filaments  in  addition  to  five  perfect 
stamens.    Some  of  these  cases  of  altered  symmetry  are  due  to  enation. 

153.  Suppression  or  abortion  of  part  of  the  organs  of  one  or  more 
circles  is  a  very  common  cause  of  want  of  symmetry.  This  occurs 
by  far  most  frequently  in  the  carpellary  circles,  as  might  be  expected 
from  the  organs  being  crowded  on  the  point  of  the  receptacle  (multi- 
plication of  carpels  occurring,  on  the  other  hand,  where  the  receptacle 
is  unusually  developed)  ;  the  stamens  exhibit  it  not  unfrequently  ; 
and  it  is  observed  also  in  the  petaline  whorl,  and  even  in  the  calyx. 

Symmetrical  flowers  may  be  either  dimerous,  trimerous,  tetramerous 
or  pontamerous  throughout ;  and  when  the  organs  are  equal  in  all  the 
circles,  the  flowers  are  isomerous :  we  have  isomerous  dimerous  flowers 
m  Gvc*a(fig.  164)  and  Syfvnga  (fig.  166),  isomerous  pentamerous  flower; 
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fOrasvdn  (fig.  162)  before  referred  to ;  but,  generally  speaking,  one  or 
other  oi  tbe  whorls  exbibits  partial  suppression. 

It  is  rare  to  find  the  sepals  partially  suppressed :  perhaps  we  may  consider 
this  to  be  the  case  as  regards  the  limb  of  the  sepals  in  such  instances  as  the 
pappus  of  Bulens.  The  corolla  exhibits  partial  suppression  in  some  Lesni- 
minosao,  where,  although  the  plan  of  the  flowers  of  the  order  is  penta- 


Fig.  164. 


Fig.  165. 


Fig.  166. 


Fig.  164.  Ground-plan  of  the  2-merous  flower  of  Circcea:  x  represents  the  hract. 
Pig.  165.  Ground-plan  of  the  Lilac,  with  2-merous  circles :  x,  the  bract;  a,  a,  bracteoles. 
Fig.  166.  Ground-plan  of  a  labiate  flower,  with  didynamous  stamens ;  the  posterior  one 
(dotted)  suppressed. 

merous,  in  Amorpha  only  one  petal  exists;  a  transition  towards  this 
occurs  in  other  genera  of  the  order,  where,  indeed,  the  four  petals  here 
suppressed  are  generally  considerably  smaller.  In  the  Larkspurs  one 
petal  is  constantly  suppressed,  while  the  others  are  of  irregular  form ;  and 
an  Aconite  three  out  of  the  five  petals  are  inconstant  in  their  occurrence, 
being,  even  when  present,  mere  petaloid  scales. 

The  stamens  are  mostly  isomerous,  with  either  one,  two,  or  more  whorls, 
when  the  floral  envelopes  are  regular,  although  there  are  well-known 
exceptions  to  this.  The  supression  or  partial  abortion  of  some  of  the 
stamens  is  most  common  where  the  flowers  are  irregular'.  This  sup- 
pression is  well  seen  in  the  irregular  monopetalous  Orders,  where  we  find 
curiously  graduated  illustrations  of  the  phenomenon.  Thus,  in  the  Scro- 
phulariaceae,  belonging  to  the  pentamerous  type,  there  are  usually  but  four 
stamens,  but  Verbascum  has  the  fifth  (not  always  fertile) ;  Pentstemon  has 
four  perfect  stamens  and  a  sterile  filament ;  and  iu  Scrophularia  the  fifth  is 
represented  by  a  scale  in  the  upperside  of  the  corolla.  In  Veronica  three 
are  suppressed,  and  only  two  remain.  In  the  Labiata?  (fig.  166),  again, 
one  stamen  is  ordinarily  suppressed ;  not  unfrequently  two  of  these  appear 
as  sterile  filaments ;  and  in  Salvia,  Monarda,  and  other  genera  only  two 
stamens  exist. 

Either  multiplication  or  suppression  is  almost  the  rule  in  the  carpellary 
circle,  the  isomerous  condition  being  rather  the  exception.  _  Six  cai-pels, 
or  a  double  circle,  occur  in  the  3-merous  flowers  of  Triglochin  (fig.  167)  ; 
and  we  have  mentioned  the  occurrence  of  five  carpels  in  the  pentamerous 
flowers  of  Crassida  and  Sedum  (§  147)  ;  in  the  nearly  allied  Saxifragaceas 
the  carpels  are  usually  reduced  to  two.  In  Araliaceae,  Aralia  has  five 
carpels,  different  species  of  Panax  three  and  two,  while  in  the  allied 
order  Umbelliferaa  the  number  2  is  universal  in  the  carpellary  circle, 
although  all  the  other  circles  remain  pentamerous.  In  Rosacea}  we  have 
almost  every  conceivable  condition ;  lor  while  multiplication  takes  place 
to  a  great  extent  in  Rosa,  Fnigaria,  and  allied  genera,  the  normal  five 
carpels  occur  in  Spiraa  and  the  Pomaceous  suborder;  in  Agrimoma  the 
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number  is  reduced  to  two ;  Sanr/uisorba  has  two  or  one ;  while  in  the  Dru- 
paceous suborder,  in  Prunus  &c.,  only  one  carpel  regularly  exists,  a  condi- 
tion which  is  the  ride  throughout  the  related  extensive ,  pentamerous  oidei 
Le<nuninos£B.  In  Kanunculacea  the  number  of  carpels  vanes  much,  in 
BerWidea  the  outer  circles  are  2-merous  and  the  carpel  is  solitary 
(fie.  168).  Suppression  of  a  portion  of  the  carpels  is  almost  constantly 
found  in  the  monopetalous  Orders,  where  we  seldom  have  more  than  two. 

Fig.  167.  168- 
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Fig.  167.  3-meroua  flower  of  Triglochin  maritimum,  with  six  carpels;  x  represents  the  bract. 
Fig.  168.  Ground-plan  of  Epimedium,  with  2-merous  circles  and  a  solitary  carpel ;  a,  a  are  the 
bracteoles  of  the  pedicel. 

Suppression  of  organs  becomes  exceedingly  striking  when  associated 
with  suppression  of  entire  whorls.  Thus,  in  Callitriche  the  floral  enve- 
lopes are  wanting,  and  while  the  pistil  indicates  the  tetramerous  type, 
three  stamens  are  suppressed,  so  that  the  perfect  flowers  consist  of  one 
stamen  and  one  pistil,  and  the  imperfect  flowers  often  met  with  are  con- 
posed  respectively  of  a  stamen  and  a  pistil.  The  latter  condition  occurs 
also  in  the  greatly  reduced  flowers  of  our  native  species  of  Euphorbia,  in 
which  the  involucre  encloses  one  naked  female  flower,  consisting  simply 
of  a  pistil,  and  a  number  of  naked  male  flowers  reduced  to  the  condition 
of  a  single  stamen. 

A  curious  kind  of  regular  suppression,  not  interfering  with  symmetry, 
is  sometimes  met  with,  where  the  typical  pentamerous  condition  is  re- 
placed by  the  tetramerous,  either  in  flowers  of  the  same  plant  or  on  different 
individuals  of  the  same  species.  Thus,  in  Ruta,  in  some  species  of  Sedum, 
and  some  Akinece  the  flowers  have  the  organs  sometimes  in  circles  of 
fives  and  sometimes  in  circles  of  fours,  without  any  other  accompanying 
deviations  from  the  character  of  the  species. 

154.  Union  of  the  organs  of  the  flower  consists  either  in  cohesion 
of  the  parts  of  a  whorl  with  their  fellows,  or  in  adhesion  of  organs  of 
one  whorl  to  those  of  another.  Both  occur  in  almost  every  possible 
degree.  It  must  be  borne  in  mind  that  these  terms  are  often  ap- 
plied to  cases  wherein  there  has  really  been  no  union  of  previously 
disunited  organs,  but  a  want  of  separation  between  parts  which  in 
other  cases  are  disjoined. 

155.  Cohesion  occurs  in  the  calyx,  producing  what  is  called  a 
monosepalous  (or  gamosepalous)  calyx ;  also  in  the  corolla  rather 
less  frequently,  forming  a  monopetalous  (or  gamopetalous)  corolla. 
"With  these  terms  are  contrasted  polysepalous  and  polypetalous  (or 
dialysep-petalous),  used  to  indicate  that  the  sepals  and  petals  are 
distinct,  i.  e.  not  coherent. 
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In  the  Vine  the  petals  cohere  above,  while  they  are  distinct  below, 
and  the  flower  opens  by  the  separation  of  the  corolla  from  the  re- 
ceptacle ;  the  sepals  of  Eschscholtzia  are  entirely  coherent,  and  fall 
off  like  a  cap. 

Union  is  less  common  among  the  stamens ;  but  in  some  Orders  they 
are  coherent  by  their  filaments  into  one  piece  (monadelphous) ,  in 
others  into  two  or  more  parcels.  Other  plants  have  the  anthers 
coherent  (syngenesious),  while  the  filaments  are  free ;  and  in  some 
diclinous  flowers  the  stamens  are  united  into  a  kind  of  column. 

The  carpels  exhibit  every  degree  of  confluence,  from  a  slight  co- 
herence at  the  base  to  a  firm  union  by  their  sides,  complete  conflu- 
ence of  the  ovary  with  the  styles  free,  confluence  of  ovaries  and 
styles  in  part  or  entirely  with  free  stigmas,  and  complete  confluence 
of  ovary,  styles,  and  stigmas.  In  Asclepiadacese  we  have  confluence 
of  the  styles,  while  the  ovarian  portions  of  the  carpels  are  only 
slightly  coherent. 

The  details  regarding  coherence  will  be  treated  of  more  conveniently 
in  the  chapters  on  the  separate  organs. 

156.  Adhesion  may  exist  between  the  inner  and  outer  circles  of 
the  floral  envelopes,  between  petals  and  stamens,  and  between  sta- 
mens and  pistils,  also  between  calyx,  corolla,  and  stamens  with 
pistil  free ;  or  the  calyx,  corolla,  and  stamens  may  all  adhere  to  the 
pistil.  No  case  is  known  of  adhesion  of  the  three  inner  circles  with 
a  free  calyx. 

What  is  commonly  termed  adhesion  is  more  strictly  want  of  separation 
between  parts  which  ordinarily  become  detached  one  from  the  other 
during  growth. 

157.  The  point  of  emergence  of  an  organ  is  inappropriately  called  its 
insertion ;  and  when  an  organ  is  not  adherent  to  any  other  circle,  but 


Fig.  169.  Hypogynous  flower  of  Ranunculus,  in  section. 
Fig!  17o!  Perigynous  flower  of  Pritinif.in  section. 

emerges  directly  from  the  receptacle,  it  is  said  to  be  free.  "When  the 
outer  organs  are  thus  inserted  on  the  receptacle,  they  are  called  Juuw- 
qynous  (fig.  169),  signifying  below  the  pistil;  if  the  stamens  appear 
toaHhcrc  to  the  free  tube  of  the  calyx  or  corolla,  they  are  said  to  be 
yerigynous  (fig.  170) ;  while  if  the  tube  of  the  calyx  or  receptacle  is 
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carried  up  and  adherent  to  the  sides  of  the  pistil,  the  stamens  be- 
come apparently  inserted  on  the  top  of  the  ovary,  and  are  then  called 
epigynous  (fig.  171). 

Some"  other  terms  are  used  in  reference  to  the  insertion  of  the 
petals  and  stamens  :  thus,  tlmlamifloral,  or  inserted  on  the  receptacle, 
is  synonymous  with  hypogynous  (fig.  169)  ;  calycifloral,  indicating 
insertion  into  the  throat  of  the  calyx,  may  agree  with  either  the  pe- 
rigynous  (fig.  170)  or  epigynous  (fig.  171)  conditions ;  while  corolli- 
floral,  inserted  on  the  tube  of  the  corolla,  is  a  form  of  the  perigy- 
nous insertion. 

158.  The  terms  inferior  and  superior  are  occasionally  applied  to 
the  calyx,  according  as  it  is  free  (fig.  169)  or  adherent  (fig.  171)  to 
the  ovary  all  the  way  up  ;  occasionally  it  is  half-superior  (Saxi- 
fraga,  fig.  172).  The  same  terms  are  also  applied  to  the  ovary  in 
the  reversed  sense  to  indicate  the  same  conditions :  i.  e.  when  the 
calyx  is  inferior,  the  free  ovary  is  superior,  and  vice  versa. 

The  terms  perigynous,  &c.,  and  calycifioral,  &c.  are  in  constant  use 
and  very  convenient,  but  they  may  convey  false  notions  as  to  actual 
structure.  In  the  perigynous  flowers  of  Rosaceee,  for  example,  such  as 
those  of  Frayaria,  Geum,  &c,  the  stamens  appear  really  to  rise  from  a 
discoid  expansion  of  the  receptacle,  forming  the  supposed  throat  of  the 
calyx,  and  in  Rosa,  Pyrus  (fig.  173),  and  other  similar  forms  the  carpels 
are  really  enclosed  in  an  excavated  receptacle  or  receptacular  tube,  from 
the  upper  edge  of  which  sepals,  petals,  and  stamens  arise. 


Fig.  171. 


Fisr.  172. 


Fig.  173. 


Kg.  171.  Epiprynoos  flower  of  an  Umbellifer,  in  section. 


The  adherence  of  stamens  to  pistils  produces  what  is  called  the -111 
■  [immdrms  condition,  so  remarkable  a  character  of  the  Orchidaco-P  IF 
and  Asclepiadaeeaj.  ^muaccoe  |i 

•  Irregularity  of  flowers  arising  from  unequal  size,  different 
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form,  or  unequal  union  of  the  organs  of  whorls  is  extremely  common. 
Different  form  and  size  produce  irregularity  in  the  floral  envelopes 
and  stamens  of  many  plants  where  these  are  free ;  and  this  is  often 
associated  with  irregularity  arising  from  suppression.  The  irregular 
union  occurs  alone,  or  is  superadded  to  all  the  rest  when  the  organs 
are  coherent ;  this  condition  is  oftenest  found  in  the  floral  envelopes, 
in  the  stamens  less  frequently,  and  in  the  pistils  perhaps  not  at  all. 

Irregular  polypetalous  flowers  illustrating  this  point  present  themselves 
in  Papilionaceous  plants,  in  Fumariacese,  Violacese,  &c. ;  irregular  poly- 
sepalous  calyces  occur  in  Aconitum,  Delphinium,  &c.  Stamens  are  gene- 
rally alike  in  the  same  circle  ;  but  in  didynamous  stamens  (two  long  and 
two  short)  there  is  an  exception  to  this.  Irregular  inonosepalous  calyces 
and  irregular  monopetalous  corollas  are  met  with  in  endless  variety  of 
forms,  in  the  majority  of  which  there  is  a  tendency  of  the  component 
organs  of  a  whorl  to  associate  together  in  two  groups,  front  and  back,  so 
as  to  produce  a  bilabiate  condition,  as  in  the  corollas  of  most  Labiatae  and 
Scrophulariacese.  "Unequal  degree  of  union  of  stamens  produces  the 
diadelphous  condition  of  many  Legunxinosae,  and  the  still  more  irregular 
polyadelphous  condition  in  the  Orange.  These  points  will  be  further 
explained  in  the  next  Sections. 

It  may  be  repeated  here,  that  the  deviations  from  irregularity  falling 
under  this  head  almost  universally  arise  during  the  development  of  the 
bud  from  its  originally  regular  rudiments. 

160.  Most  flowers  have  only  very  short  or  contracted  internodes 
developed  between  the  whorls;  that  is  to  say,  the  receptacle  (§  141) 
is  usually  not  lengthened.  Exceptions  occur  to  this,  however* ;  for 
in  the  Caper  tribe  we  have  long  internodes  between  calyx,  corolla, 
stamens,  and  pistil,  producing  a  very  curious  appearance.  In 


Fig.  175. 


Fig.  174.  Section  of  a  flower  of  Silene,  with  an  internode  between  the  calyx  and  corolla. 
Fig.  175.  Section  of  the  flower  of  the  Hose;  the  pistils  seated  on  an  excavated  receptacle. 
Fig.  176.  Flower  of  the  Maplelkcerl,  with  the  petals  removed,  showing  the  6taineus  arising 
from  an  hypogynous  "  disk" 
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Diantlms  and  Silene  (fig.  174)  there  is  a  short  internode  between 
the  calyx  and  corolla,  in  Gentiana  between  the  stamens  and 
the  pistil.  In  the  Eose  (fig.  175)  the  receptacle  is  expanded 
into  a  cup,  from  the  inner  walls  of  which  the  carpels  arise ;  and  m 
NdumUum  the  carpels  are  immersed  in  a  large  fleshy  receptacle.  In 
many  cases  what  is  termed  calyx-tube  is  in  reality  a  tubular  pro- 
longation of  the  receptacle,  from  the  edge  of  which  the  calyx,  petals, 
and  stamens  arise.  In  the  Paeony  the  receptacle  is  raised  up  into  a 
kind  of  cup  or  "  disk  "  round  the  carpels,  in  P.  Moutan  enclosing 
them  all  but  the  stigmas :  the  apparently  inferior  position  of  the 
ovary  of  Victoria  depends  on  the  discoid  development  of  the  receptacle 
where  the  outer  floral  circles  are  inserted.  A  ring  of  similar  nature, 
free  from  the  ovary,  occurs  in  Alchemilla.  Another  condition  exists 
in  the  Mignonette  (Reseda),  where  the  cup-like  or  annular  develop- 
ment of  the  receptacle  is  inside  the  floral  envelopes,  and  forms  a 
support  to  the  stamens  surrounding  the  ovary.  This  form  of  the 
"  disk,"  which  occurs  also  in  Acer  (fig.  176),  must  not  be  confounded 
with  those  depending  on  the  presence  of  perfect  or  imperfect  whorls 
of  abortive  floral  organs  (§  195).  The  epigynous  disk  of  Umbelli- 
ferse  (fig.  171)  and  allied  orders  is  probably  a  development  of  the 
receptacle,  since  the  so-called  adherent  tube  of  the  calyx  is  perhaps 
an  excavated  receptacle  (§  171).  In  Circaia,  and  to  a  greater  or  less 
extent  in  other  Onagracese,  the  epigynous  process  supporting  the 
floral  envelopes  and  stamens  is  prolonged  into  a  tube  above  the 
inferior  ovaiy,  surrounding  the  long  free  style.  Where  organs  are 
multiplied,  we  often  find  the  receptacle  lengthened  into  a  conical  or 
clavate  body,  to  give  room  for  the  insertion,  as  with  the  pistils  of 
Ranunculus  (fig.  169),  Magnolia,  Fragaria,  &c. ;  and  this  expansion 
extends  down  to  the  region  of  attachment  of  the  stamens  in  Ranun- 
culus, Magnolia,  and  Nymphcea,  where  it  is  sometimes  thickened, 
and  is  called  a  torus  or  thalamus.  In  Geraniacese  the  receptacle  is 
prolonged  into  a  column  in  the  centre  of  the  confluent  styles ;  and 
the  same  occurs  to  less  extent  in  Euphorbia. 

161.  "When  a  circle  of  organs  is  removed  from  its  predecessor  by 
a  stalk-like  internode,  it  is  called  stijpitate.  The  column  supporting 
the  carpels  of  Geranium,  or  those  of  Umbelliferae,  is  termed  a  cargo- 
p]jx»-e ;  the  stalk  of  the  ovary  of  Gentiana  is  a  aynophore ;  a  stalk 
above  the  corolla,  supporting  both  stamens  and  pistils,  is  a  gvnan- 
dmjilme.  Considerable  influence  is  exerted  in  many  cases  by  the 
obliquity  of  the  receptacle,  as  in  Leguminosse,  Aconitum,  Delphinium, 
and  many  other  irregular  flowers. 

162.  The  modifications  arising  from  enation  have  been  already 
alluded  to  (§  149),  while  those  dependent  on  the  substitution  of  one 
organ  for  another,  as  in  many  double  flowers  where  the  stamens  are 
replaced  by  petals,  demand  only  passing  notice. 
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Fig.  177. 


Fig.  177.  Calyiwith  epicalyi. 

A.  Hibiscus  (HaWaceffi). 

B.  Poientilla  (Rosaceee). 


Sect.  8.  The  Floral  Envelopes. 

_  163.  The  floral  envelopes  of  a  typical  flower  (§  21)  consist  of  two 
circles  of  organs,  forming  the  calyx  and  corolla.  There  is  no  funda- 
mental difference  between  sepals  and  petals  (the  organs  which  com- 
pose these  circles) ;  and  the  only  general  definition  that  can  be  given 
is,  that  the  outer  circle  (or,  if  only  one  circle  exists,  that  circle)  is 
the  calyx ;  the  corolla  consists  of  the  second  circle  (or  sometimes  of 
additional  circles)  of  foliar  organs  intervening  between  the  calyx 
and  the  stamens. 

164.  The  above  definition  of  the 
calyx  is  liable  to  exception  in  rare 
cases ;  for  in  the  Malvaceae,  the  Dip- 
saceae,  and  some  Rosacea?  the  true 
calyx  is  double,  that  is,  a  circle  of 
smaller  organs,  resembling  sepals,  or 
a  tubular  cup,  stands  outside  the  pro- 
per calyx,  forming  what  is  called  an 
emeahix  (fig.  177).  The  ambiguity 
in  these  cases  is  removed  by  the  ex- 
istence of  a  well-developed  coloured 
corolla  inside  the  calyx. 

The  epicalyx  of  Malvaceae,  like  that  of  Dipsaceae,  is  perhaps  to  be  re- 
garded as  an  involucre  of  bracts.  That  of  Potentilla  (fig.  177,  b)  and  allied 
genera  is  sometimes  supposed  to  represent  confluent  lateral  lobes  or  sti- 
pular  appendages  of  the  sepals. 

165.  A  difficulty  arises  in  the  exact  description  of  the  floral  en- 
velopes, from  the  use  of  the  terms  perianth  and  perigone,  which  are 
applied  in  a  manner  that  involves  confusion,  since : — 1,  these  words 
signify  the  calyx  and  corolla  taken  together  when  the  sepals  and 
petals  are  all  petaloid,  as  in  the  Lily,  Tulip,  &c,  and  when  they  are 
nil  green  and  sepaloid,  as  in  the  Dock  &c. ;  and,  2,  the  words  are 
commonly  applied  to  the  calyx  in  the  Orders  where  it  regularly  exists 
alone,  either  in  a  sepaloid  or  petaloid  condition,  as  in  Daphne  and 
the  Monochlamydeous  orders  generally. 

The  terms  perianth  and  perigone,  which  we  take  as  synonymous,  are 
convenient  as  applying  to  instances  where  the  distinctions  ordinarily 
traceable  between  calyx  and  corolla  are  not  apparent. 

166.  The  arrangement  of  the  floral  envelopes  in  the  bud,  the 
csstiyatian  or  yrasfloration,  is  a  subject  of  great  importance  in  syste- 
matic botany,  as  affording  very  regular  characters  in  the  majority  of 
the  natural  orders. 

The  plans  of  aestivation  given  in  illustrative  works  are  taken  from  hori- 
zontal sections  of  the  bud  just  before  it  opens;  and  in  cases  where  the 
sepals  or  petals  are  coherent  below,  the  section  is  supposed  to  pass  through 
the  free  lobes  of  the  limb. 
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167  The  Eestivation  of  flower-buds  agrees  essentially  with  the 
vernation  of  leaf-buds  (§§  112, 113),  especially  as  regards  the  folding 
of  the  individual  organs ;  the  sepals  and  petals  may  be  reclmate,  C03- 
dwplicate,  plicate,  convolute,  involute  (a  still  further  rolling-m  ren- 
dering this  induplicate),  revolute  (in  excess  becoming  reduplicate) ; 
and  an  additional  case  is  found  in  Poppies  and  some  other  flowers, 
where  the  petals  are  irregularly  crumpled-up,  or  compote. 

168.  Collectively,  the  arrangement  of  the  organs  is  either  imbri- 
cate, contorted,  or  valvate,  each  of  which  forms,  however,  has  its 
modifications.  The  imbricate  is  a  natural  result  of  the  spiral  suc- 
cession of  organs,  and  with  the  |  plan  we  commonly  find  what  is 
called  the  quincuncial  aestivation  (fig.  159).  A  deviation  from  the 
regular  spiral  order  is  found  in  the  imbricated  buds  of  Papilionaceous 
and  some  other  flowers,  where  the  second  petal  has  its  margin  inside 
instead  of  outside  the  fourth  (fig.  178,  a);  this  is  called  the  vexil- 
lary  aestivation,  since  it  occurs  especially  in  Papilionaceous  corollas, 
where  the  large  outer  petal  is  called  the  vexillum. 


Fig.  178. 

B.  C.  D. 


Fig.  178.  JSBfcivation  of  corollas. 
A.  Vexillary  aestivation  of  the  corolla  of  a  Papilionaceous  flower.   B.  Contorted  eestivation 
of  the  corolla  of  Malva.    C.  Valvate  eestivation  of  the  corolla  of  Vitis.   D.  Plicate 
aestivation  of  the  corolla  of  Convolvulus. 


The  contorted  or  convolute  aestivation  is  produced  by  the  organs 
standing  very  obliquely  on  the  receptacle,  as  it  were  with  one  edge 
turned  to  the  centre  of  the  flower  and  the  other  rolled  round  the  next 
succeeding  organ  (fig.  178,  b). 

The  valvate  aestivation  presents  still  more  modifications.  The 
margins  of  the  organs  maybe  directly  in  contact  (fig.  178,  c),  or  they 
may  be  involute  (fig.  125),  or  induplicate,  or,  vice  versa,  reduplicate 
(fig.  129),  or  conduplicate,  in  all  of  which  cases  the  rolled  borders 
only  are  in  contact,  and  not  the  absolute  margins.  When  the  organs 
are  coherent  at  their  margins,  they  sometimes  become  plaited  or 
plicate,  and  a  kind  of  combination  of  this  and  the  contorted- form 
occurs  where  the  projecting  plaits  are  all  rolled  round  in  one  direc- 
tion (fig.  178,  d). 

The  calyx  and  corolla  may  both  have  the  same  aestivation,  or  they 
may  be  different ;  and  these  characters  generally  hold  good  through- 
out Natural  orders. 
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In  the  Malvacete  the  rostivation  of  the  calyx  is  valvate,  and  that  of 
the  corolla  contorted ;  in  Hypericum,  Dianthus,  &c.  the  calyx  is  imbri- 
cate and  the  corolla  contorted. 

Some  additional  terms  are  used  by  recent  authors  to  express  minute 
differences  in  the  aestivation,  furnishing  valuable  characters  in  some  of  the 
large  and  multiform  orders  of  Monopetalous  plants ;  but  it  is  unnecessary 
to  enter  into  these  minute  particulars  here. 

169.  The  direction  of  the  spiral  in  imbricated  and  contorted  aesti- 
vation is  variable,  sometimes  even  in  the  same  plant :  occasionally  the 
direction  changes  in  passing  from  the  calyx  to  the  corolla ;  at  other 
times  it  remains  the  same ;  and  this  character  is  sometimes  constant, 
in  other  cases  very  inconstant.  In  determining  the  direction  of 
spirals,  right-hand  or  left-hand,  it  is  usual  to  suppose  one's  self 
standing  in  the  axis  of  the  organ ;  but  many  authors  suppose  them- 
selves standing  in  front  of  it ;  for  instance,  in  the  place  of  the  bract 
of  a  flower,  which  gives  the  exact  opposite  of  the  former ;  hence  great 
confusion  in  the  application  of  the  terms  dextrorse  and  sinistrorse. 

The  Calyx. 

170.  The  calyx  is  the  outermost  circle  of  the  floral  envelopes.  It 
is  composed  of  modified  leaves,  called  sepals ;  according  as  the  sepals 
are  distinct  (§  155)  or  coherent,  the  calyx  is  termed  polysepalous 
(or  diahisepalous),  or  monosepalous  (or  gamosepalous). 

The  exceptions  to  the  absolutely  external  position  of  the  calyx  have 
been  pointed  out  in  §  164. 

171.  The  sepals  generally  bear  more  or  less  resemblance  to  bracts, 
being  attached  by  a  broad  base,  seldom  articulated,  without  any 
stalk,  and  of  a  green  foliaceous  texture ;  not  unfrequently,  however, 
their  texture  is  of  the  coloured  and  delicate  nature  described  as 
petaloid.  They  are  usually  entire ;  but  the  margins  are  sometimes 
cut,  as  in  the  Kose  (fig.  158),  and  they  are  occasionally  reduced  to 
scale-like,  or  even  feathery  or  hair-like  processes.  They  are  like- 
wise subject  to  the  production  of  pouches,  spurs,  &c,  especially  at 
the  lower  part,  both  when  distinct  and  when  coherent ;  and  the  apex 
is  often  more  or  less  prolonged  into  a  point  or  spine.  Their  mode  of 
venation  is  usually  like  that  of  the  sheath  of  the  leaf. 

Some  confusion  is  liable  to  arise  in  the  condition  called  a  superior  calyx 
(§  158),  where  the  segments  are  totally  free:  if  we  suppose  an  adherent 
tube  to  exist  below,  such  a  calyx  would  be  monosepalous ;  but  the  so-called 
calyx-tube  is  usually  a  cup-like  receptacle,  and  the  sepals  arise  where  they 
appear  to  be  inserted— for  example,  m  Rosacea?,  Umbelhferaj,  Cucurbit  a- 
ceaj,  Composites,  &c. 

172.  In  the  polysepalous  calyx,  if  the  sepals  are  alike  and  sym- 
metrically arranged,  the  calyx  is  regular;  if  some  of  the  sepals  are 
larger  than  others  (Eelianthemum,  Cheiranthus  (fig.  179)),  it  becomes 
irregular;  and  this  is  still  more  the  case  when  the  sepals  differ  in 
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form  as  well  as  size.  Some  of  the  most  remarkable  irregular  forms 
of  polysepalous  calyx  occur  accompanied  by  a  petaloid  condition,  as 
in  Aconitum  (fig.  180)  and  Delphinium. 

The  coloured  calyces,  both  regular  (Fuchsia)  and  irregular,  may  be  easily 
mistaken  for  corollas ;  but  they  are  known  by  their  exterior  position,  and  in 
some  cases  by  the  existence  of  a  more  or  less  perfect  coralline  circle  within. 

173.  The  direction  of  sepals  (whether  distinct  or  coherent)  is  indi- 
cated by  technical  terms ;  thus  they  may  be  erect,  connivent  (the 
points  turning  in),  divergent,  or  even  refiexed. 

174.  When  the  sepals  are  confluent  or  not  separated,  the  mono- 
sepalous  calyx  (fig.  181)  is  usually  described  as  a  whole.  The  part 
where  the  sepals  are  coherent  is  the  tube ;  the  upper  boundary  of  this 
is  the  throat  (  faux) ;  and  the  free  or  spreading  portion  constitutes 
the  limb — composed  of  lobes  or  teeth  with  intervening  sinuses  when 
the  upper  part  of  the  sepals  is  more  or  less  distinct,  entire  when 
the  sepals  are  so  completely  confluent  that  the  compound  nature  is 
not  indicated  by  any  teeth  or  fissures  at  the  free  edge. 

It  is  necessary  not  to  confound  the  receptacular  tube  with  the  calyx-tube 
proper.  An  investigation  of  the  course  of  development  will  show  the 
difference  between  the  two,  and  generally  speaking  the  position  of  the 
petals  and  stamens ;  if  the  latter  are  perigynous,  it  is  probable  thatt  h  e 
tube  below  is  receptacidar.  The  venation  and  internal  structure  will  also 
serve  as  guides  in  this  matter. 

175.  The  monosepalous  calyx  is  subject  to  the  same  kinds  of  modi- 
fication as  that  in  which  the  sepals  are  distinct.  It  is  either  regular 
or  irregular. 

Of  the  regular  kinds  we  find  a  large  number  which  present  forms 
admitting  of  general  technical  names,  such  as  tubular  or  cylindrical, 
cup-shaped,  infundibuliform  or  funnel-shaped,  campanulate  or  bell- 
fihaped,  urceolate  when  the  tubular  form  is  expanded  below,  turbi- 

Fig.  180. 


Fig.  179.  Irregular  polysepalous  calyx  of  Cheirantlms.   Two  of  the  four  sepals  are  diluted 
"  gibbous    at  the  base.  "reu 
£-g'  1q?'  *rrcK;,lar  polysepalous  coloured  calyx  of  Aconitum  ITapettut 
i  ig.  181.  Kegular  monosepalous  calyx  of  Silene  inJUtla. 
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nate  or  top-shaped  when  expanded  above,  inflated  when  the  lateral 
view  is  oval  or  roundish  with  a  narrow  mouth  (fig.  181),  &c.  (See 
§  182.)  In  some  species  of  Campanula  there  are  regular  appendages 
at  the  bottom  of  the  sinuses  between  the  teeth.  In  Primula  and 
some  other  genera  the  tubular  calyx  is  angular  or  plaited. 

Calyces  nearly  resembling  the  above  are  rendered  irregular  either 
by  a  greater  extent  of  disunion  taking  place  between  some  of  the 
sepals,  the  intervening  fissures  being  so  much  deeper  than  the  others 
that  the  teeth  become  associated  in  two  sets,  giving  a  bilabiate  con- 
dition (fig.  182)— or  by  irregularities  at  the  base,  where  a  shallow 

|  pouch  renders  the  calyx  gibbous,  a  deeper  one  saccate,  and  a  long 
narrow  pouch  forms  what  is  called  a  spur.   In  Pelargonium  this  spur 

>  adheres  to  the  peduncle. 

In  some  instances  a  tubular  development  of  the  receptacle  or  flower- 
stalk  simulates  the  spur  of  the  calyx. 


Fig.  182.  Bilabiate  calyx  of  Saloia. 

Pig.  183.  Floret  of  Scabiosa,  the  limb  of  the  calyx  in  the  orm  of  bristles  (pappus). 
Fig.  184.  Fruit  of  Cichorium,  crowned  by  the  persistent  calyx  represented  by  a  circle  of  spines 
(pappus). 

Fig.  185.  Section  of  the  persistent  calyx,  enclosing  the  ripe  capsule,  of  Hyoscyamus, 

The  free  portion  of  the  calyx  of  Compositae,  Dipsaceae,  and  Yaleria- 
nacese  exhibits  a  very  aberrant  condition  by  appearing  in  the  form 
of  scales,  bristles,  or  feathery  or  simple  hairs,  constituting  what  is 
called  the  vavvus  (figs.  183,  184).  In  Oentranthus  the  limb  of  the 
calyx  is  undeveloped  when  the  flower  opens,  but  expands  during  the 
ripening  of  the  fruit  into  a  crown  of  feathered  processes. 

Further  details  respecting  the  characters  of  the  calyx  are  given  imder 
the  head  of  the  Perianth. 

176.  The  duration  of  the  calyx  varies  much.  In  the  Papaveracete 
it  is  caducous,  falling  off  when  the  flower  opens ;  if  it  falls  with  the 
corolla  soon  after  fertilization  of  the  ovules,  it  is  deciduous ;  very  fre- 
quently it  is  persistent  during  the  ripening  of  the  seeds,  as  in  Labiate, 
some  Solanaceae  (fig.  185),  Compositas  (fig.  184),  &c. ;  the  upper  part 
sometimes  separates  by  a  circular  slit,  leaving  the  base,  as  in  Datura 
Stramonium ;  occasionally  it  grows  during  the  maturation  of  the 
fruit,  and  is  then  accrescent,  forming  iu  Physalis  and  Trifolium 
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fragiferum,  for  example,  a  vesicular  envelope  to  the  fruit.  In  the 
Marvel  of  Peru  and  other  plants  it  is  marcescent,  remaining  and  grow- 
ing into  a  firm  envelope  of  the  fruit. 

The  Corolla. 

177.  The  corolla  is  composed  of  all  the  leaf-like  organs  or  floral 
envelopes  situated  between  the  calyx  and  the  stamens ;  these  are 
called  petals,  and  may  exist  in  one  or  more  circles.  Where  many 
circles  exist,  the  inner  organs  often  become  stunted  or  deformed, 
and  more  or  loss  resemble  barren  filaments  or  abortive  stamens 
(Nymphaa).  Each  petal,  under  ordinary  circumstances,  intervenes 
between  two  sepals. 

The  petals  are  either  distinct,  and  then  the  corolla  is  called  poly- 
petalous,  or  they  are  more  or  less  coherent  (see  §  155),  and  the  corolla 
is  monopetalous. 

When  more  than  one  circle  of  petals  exists,  the  corolla  is  multiple  or 
double ;  this  is  normal  in  certain  plants,  but  is  very  liable  to  occur  from 
transformation  of  stamens  &c,  or  actual  multiplication  of  whorls,  as  in 
cultivated  flowers  of  the  Rose,  Camellia,  Ranunculus,  Anemone,  &c. 

178.  Although  petals  depart  more  than  ordinary  sepals  from  the 
character  of  true  leaves  in  colour  and  texture,  they  present  greater 
resemblance  in  some  respects,  since  they  usually  have  a  more  or  less 
developed  petiolar  region,  which  is  sometimes  of  considerable  length, 
at  other  times  a  mere  thickened  point;  and  they  are  commonly 
articulated  to  the  receptacle.  The  petiolar  portion  of  the  petal  is 
called  the  claw  (unguis),  the  expanded  portion  the  limb  (lamina) 
(fig.  186).  Petals  are  likewise  more  frequently  cut  at  the  margins, 
as  in  the  fringed  petals  of  Pinks  and  the  laciniated  petals  of  Lychnis 
Flos-Cuculi,  or  they  are  deeply  divided  into  lobes,  as  in  many 
Caryophyllacese  (fig.  187),  and  the  pinnatifid  petals  of  Schizopetalum 
&c.  In  some  cases  they  exhibit  processes  on  the  inner  face,  which 
have  been  supposed  to  be  related  to  the  stipules  of  true  leaves,  as  in 
Lychnis  (fig.  188)  &c. 


Fig.  186. 


sa^TJ,  Fig.  187. 


Fig.  189. 


Fig-  186.  Petal  ot  Dmnthui. 

I' if,'-  187.  Bilobed  petal  otAlsine  media. 


Fig.  188.  Petal  of  Lychnis,  with  scales. 
Fig.  189.  Spurred  petal  of  Aquilegia. 
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The  relation  of  these  internal  scales  or  processes  to  the  stipules  is  in- 
ferred from  their  resemblance  to  the  liyule  of  Grasses.  They  are,  however, 
generally  speaking,  merely  instances  of  enation  or  excrescences  from  the 
petal,  found  in  a  comparatively  late  stage  of  the  development  of  the  latter. 

179.  The  forms  of  petals  resemble  many  of  those  indicated  for 
simple  true  leaves  ;  in  addition  to  which  others  occur  presenting 
curved  surfaces  :  these  are  called  simply  concave,  navicular  or  boat- 
shaped,  coclileariform  or  shaped  like  the  bowl  of  a  spoon,  &c. ;  or  they 
may  have  basal  pouches,  and  be  gibbous,  saccate,  or  spurred  (fig.  189). 
Others  have  peculiar  appendages  above,  such  as  the  crests  in  Polygata 
and  the  strap-lilce  inflexed  points  in  the  petals  of  the  TJmbelliferae. 

The  term  nectary  is  vaguely  employed  to  indicate  certain  struc- 
tures of  varying  character  intermediate  in  position  between  the 
petals  and  the  stamens,  and  different  in  aspect  from  both. 

180.  Petals  are  ordinarily  of  delicate  structure  and  coloured., 
whence  we  derive  the  term  petaloid ;  but  they  vary  in  texture  from 
a  membranaceous  to  a  thick  and  fleshy  condition,  such  as  we  see  in 
Magnolia,  Nymphcea,  &c. 

181.  Polypetalous  corollas  are  regular  when  the  petals  are  equal 
and  symmetrically  arranged  ;  the  individual  petals  may  be  themselves 
either  symmetrical  or  oblique,  provided  they  are  all  alike.  Some  of 
them  have  received  special  names,  such  as : — the  rosaceous,  where 
there  are  five  spreading  petals  ;  the  liliaceous,  where  six  petals  spread 
gradually  from  a  funnel-shaped  origin ;  cart/ophyllaceous,  where  five 
petals  have  long  erect  claws  from  which  the  limbs  turn  off  at  a  sharp 
angle ;  cruciform,  where  four  such  long-clawed  petals  with  horizontal 
limbs  stand  in  the  form  of  a  cross,  as  in  the  "Wallflower,  &c.  Slight 
degrees  of  irregularity  arise  from  some  petals  growing  larger  than 
others,  as  in  the  case  of  the  outer  petals  of  the  outer  flowers  of  the 
corymbs  of  Iberis,  of  the  umbels  of  TJmbelliferae,  &c. ;  but  more  stri- 

Kir.  190.  Fig-  192. 


Fig.  191. 


Fie  190.  Flower  of  Aconitmn  with  the  sepals  removed,  showing  the  two  hammer-Wed 
B  Verier  "-tils  (or  nectaries)  with  lateral  and  antenor  soak-like  petals,  out- 

side the  numerous  stamens. 
Fig.  191.  Rilabiate  scroll-like  petal  (or  nectary)  of  Selleborus 
Fig.  192.  Tubular  floret  of  Compositas. 
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king  irregularity  results  from  unlikeness  of  the  petals  and  disturbance 
of  symmetry  in  their  insertion  or  point  of  emergence.  The  imperfect 
corollas  of  Aconite  (fig.  190),  Larkspur,  &c.  are  examples  of  this ; 
and  a  still  more  important  case  occurs  in  the  papilionaceous  corolla 
of  Leguminosa;  (figs.  193-195),  which  is  composed  of  five  petals,  of 
which  the  posterior,  the  vexillum  (fig.  194  a)  or  standard,  the  largest, 
usually  symmetrical  in  form,  is  placed  transversely ;  the  two  lateral 
(fig.  194,  b,  b),  mostly  oblique  in  form  and  small,  forming  the  alas  or 
wings,  stand  right  and  left  with  the  edges  fore  and  aft ;  and  the  two 
anterior  (fig.  194,  c,  c),  also  small  and  oblique,  often  coherent  in 
front,  and  forming  the  carina  or  Iced,  also  stand  with  their  edges 
forward. 

Examples  occur  in  the  large  order  Leguminosse  of  almost  every  modi- 
fication of  the  papilionaceous  corolla,  approaching  to  regularity  in  Baptisia 
for  instance,  and  still  more  in  Cassia.  Irregular  corollas  exist  also  in  the 
FumariaceaB,  in  Viola,  Balsaminaceae,  Pelargonium,  Tropceolum,  &c.  &c. 


Pig.  194. 


Fig.  195. 


Fig.  193. 


Fig.  193.  Papilionaceons  corolla. 
Fig.  194.  The  separated  petals:  a,  vexillum;  8,8,  alffi ;  e,c,  carina. 
Fig.  195.  Ground-plan  of  floral  envelopes,  showing  the  activation  of  the  petals. 

182.  The  monopetalous  corolla  has  a  tube,  throat,  and  limb  like  the 
monosepalous  calyx  (§  174) ;  and  similar  terms  are  used  to  indicate 
the  more  common  regular  forms,  such  as  tubular  (fig.  192),  cam- 
panulate  (fig.  196),  funnel-shaped  or  infundibuliform  (fig.  197), 
urceolate  (fig.  198),  &c,  a  few  others  being  requisite  for  the  corolla' 
more  especially  such  as  rotate,  when  the  tube  is  extremely  short  and 
the  limb  spreads  at  a  right  angle  (Anagallis),  hypocrateriform  or 
salver-shaped  when  a  similar  limb  turns  off  from  a  long  slender  tube 
{Jasmmum,  Phlox)  (fig.  199),  «fec. 

183.  Irregular  monopetalous  corollas  often  furnish  important  sys- 
tematic characters ;  and  several  of  the  forms  or  classes  of  forms  have 
special  technical  names.  The  ligulate  corolla  is  tubular  at  the  base  • 
out  disunion  soon  occurring  at  one  sinus,  the  limb  is  .  turned  off  to 
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one  side  in  the  shapo  of  a  fiat  riband  or  strap,  on  the  margin  of 
which  occur  more  or  less  distinct  teeth  indicating  the  five  component 


Fig.  196.  Fig.  197.  Fig.  199. 


Fig.  196.  Campanulate  corolla  of  a  Gentian.       Fig.  198.  TJrceolate  corolla  of  a  Heath. 
Fig.  197.  Funnel-shaped  corolla  of  Convolvulus.  Fig.  199.  Hypocrateriform  corolla  of  Phlox 

petals  (fig.  200)  ;  this  is  especially  found  in  the  ray  florets  (§  131) 
of  Composite :  a  modification  with  the  tube  and  limb  wider  in  pro- 
portion to  the  length  occurs  in  Lobeliacese.  The  labiate  or  bilabiate 
corolla  of  the  Labiatae  (fig.  201)  is  formed  by  the  two  upper  petals 
of  the  limb,  which  are  scarcely  at  all  separated,  and  stand  apart 
from  the  three  lower  or  anterior  petals,  which  also  are  only  partially 
separated,  forming  a  lower  lip  opposite  the  upper  one  and  projecting 
forward  from  the  throat  of  the  corolla :  sometimes  the  upper  lip  is 
concave,  and  is  then  termed  galeate,  or  helmet-like  ;  in  other  cases 
(Ajuga)  it  is  almost  abortive. 

Almost  every  modification  of  this  form  occurs  in  the  Labiate,  ap- 
proaching to  an  almost  regular  tubular  corolla  in  Mentha.  This  form 
occurs  also  in  the  florets  of  some  Conipositae  and  in  those  of  various  Dip- 


Fig.  200. 
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sacere,  where,  however,  the  upper  lip  is  3-lobed  and  the  lower  2-lobed ; 
in  the  Honysuckle  the  upper  lip  contains  four  petals,  and  the  lower  is 
formed  by  a  solitary  one.  Veronica  has  an  irregular  corolla  intermediate 
between  bilabiate  and  rotate  (fig.  202). 

184.  The  'personate,  oTjmashJilce  corolla  is  rather  indefinite  in 
form:  the  type  of  it  occurs  in  'Antirrhinum  (fig.  203),  which  ap- 
proaches the  labiate  form  ;  but  the  throat  is  closed  by  a  gibbous  pro- 
jection (forming  the  palate),  giving  the  front  view  the  appearance 
of  a  mask  with  a  broad-lipped  mouth. 

This  is  accompanied  by  a  similar  gibbous  condition  of  the  base  of  the 
tube  in  Antirrhinum,  and  by  a  spur  in  the  same  situation  in  Linaria. 
Aberrant  forms  of  this  type  occur  in  Calceolaria,  Utricularia  (fig.  204)  ;  and 
it  runs  into  the  labiate  form  by  such  corollas  as  those  of  Melampyrum  &c., 
becoming  tubular  in  Digitalis.  Forms  allied  to  this  occur  commonly  in 
Bignoniaceae,  Gesneracese,  Acanthacese,  &c. 

185.  When  the  throat  of  a  bilabiate,  or  irregularly  lobed  tubular 
corolla  is  widely  opened,  it  is  called  rinqent  or  gaping. 

186.  Petals  when  distinct  sometimes  exhibit  appendages  on  the 
inner  face  which  have  been  interpreted  as  stipulary,  as  in  Lychnis 
(fig.  188) ;  in  Ranunculus  we  find  a  minute  scale  at  the  base,  and  in 
Parnassia  a  largish  scale,  simple  or  divided,  and  of  glandular  cha- 
racter. In  monopetalous  corollas  we  often  find  a  circle  of  scales  in 
the  throat,  either  free  or  confluent  into  what  is  called  a  coronet 
{corona),  sometimes  developed  so  far  as  to  produce  a  long  tube  pro- 
jecting from  the  throat.  In  other  cases  there  is  simply  a  ring  of 
hairs  in  the  throat  {Mentha  &c.). 

In  most  cases  the  scales  are  opposite  to  the  lobes  of  the  corolla 
(fig.  205),  rarely  alternate  and  opposite  to  the  sinuses. 
Examples  of  circles  of  scales  in  the  throat  occur  especially  in  the 


Fig.  205. 
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Boraginacere  (Myosotis,  Symphytum,  &c),  in  Cuscuta,  &c.  In  Narcissus 
posticus  and  other  species  the  corona  is  a  complete  ring,  while  in  2V. 
pseudo-narcissus  (the  Daffodil)  it  forms  the  deep  yellow  tube  projecting 
from  the  centre.  Some  authors  attribute  these  structures  to  chorisis, 
and  derive  the  explanation  of  opposite  stamens  from  them  (§149)  ;  others 
regard  them  as  representing  a  circle  of  regular  stamens  in  an  abortive 
condition ;  and  the  alternate  scales  of  Samolus  may  represent  an  abortive 
circle  of  stamens,  as  this  would  restore  the  symmetry  of  the  flower. 
Usually  they  are  mere  outgrowths  from  the  petals,  formed  by  enation  at  a 
late  stage  of  development. 

These  structures,  by  a  confusion  of  terms,  have  been  called  nectaries  and 
nectariferous  scales  (§  179).   The  terms  scale  and  coronet  are 
more  exact  and  convenient.  Fig.  206. 

187.  The  duration  of  the  corolla  is  caducous,  deci- 
duous, or  persistent,  like  the  calyx.  Occasionally  it  falls 
away  in  part  by  a  circular  slit,  as  in  Orobanche  and 
FJiinanthus. 

In  Vitis  the  caducous  corolla  separates  from  the  receptacle  ^hTvfn^^Thl 
at  the  bases  of  the  petals,  which  cohere  above  and  fall  off  petals,  cohering 
like  a  little  star  when  the  flower  opens  (fig.  206).  The  „J*e^ep^r. 
corolla  is  mostly  deciduous  ;  it  is  persistent  in  Campanula,    shaped  piece. 


The  Perianth. 

188.  This  has  been  defined  as  consisting  of  the  floral  envelopes  as 
a  whole  when  composed  of  two  circles  of  similar  organs,  or  of  one 
circle  (a  calyx  only)  when  the  general  character  of  the  Order  is 
Monochlamydeous. 

Attempts  are  sometimes  made,  in  cases  where  a  single  circle  only  exists, 
to  distinguish  whether  this  should  be  called  a  calyx  or  a  corolla ;  if 
a  single  circle  of  stamens  stands  opposite  to  the  lobes,  we  may  suppose  a 
corolla  of  alternating  petals  to  be  suppressed ;  if  the  stamens  alternate 
with  the  lobes  of  a  simple  perianth,  nothing  would  appear  to  be  sup- 
pressed between  them,  and  in  this  case  we  may  suppose  that  it  is  really 
the  calyx  suppressed. 

189.  A  large  number  of  the  Monocotyledonous       Fig.  207. 
orders  possess  a  petaloid  perianth ;  that  is,  there 
are  two  circles  of  petaloid  organs,  which,  from 
their  resemblance,  or  their  actual  coherence,  have 
the  appearance  of  a  single  hexamerous  whorl. 
This  perianth  may  be  regular  (fig.  207)  or  ijge- 
gyflfivr,  like  the  normal  calyx  and  corolla ;  it  may 
be  polvphyllous  or  mmophj-illous ;  and  the  outer 
cirdrmaf 'fliffor  to  some  extent  from  the  inner  ^^SSSSTJ" 
in  form,  size,  and  colour,  without  other  irrcgu-  iium. 
larity.    The  forms  are  described  by  the  same 
terms  as  those  used  for  the  calyx  and  corolla  (§§  175  &  182). 
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We  have  a  regular  polyphyllous  perianth  in  the  Tulip  and  Lily,  a 
regular  monophyflous  perianth  in  Hemcrocallis,  Convallaria,  Tamus,  &c, 
a  regular  polyphyllous  perianth  with  unlike  circles  in  Iris,  and  irregular 
polyphyllous  perianths  in  Zingiberacese,  Orchidacese,  &c.  f 

190.  The  irregular  perianth  of  Orchidaceae  (figs.  208  &  209)  re- 
quires especial  mention,  as  the  Order  is  very  large,  and  the  characters 
of  the  perianth  peculiar.  There  are  three  outer  organs  (a,  a,  a), 
more  or  less  alike,  and  usually  smaller  than  the  inner ;  of  the  inner, 
the  lateral  (h,  b)  are  smaller  than  the  posterior  (&'),  called  the  lip 
(or  labellum),  which  is  often  excessively  developed,  and  even  divided 
into  regions  which  receive  separate  names ;  in  many  of  our  native 
Orchids  it  possesses  a  spur  (fig.  208  &*). 

191.  The  perianth  of  the  Palms,  of  Juncaceae  (fig.  210),  and  other 
Monocotyledons  is  composed  of  scale-like,  fleshy  or  membranous 
organs,  either  free  or  confluent,  approaching  to  the  condition  found 
in  the  Glumiferse. 


Fig.  209. 


Fi«r.  208 


Fig.  208.  Flower  of  an  Orchia,  seen  in  its  natural  position,  where,  owing  to  the  twisting  of 
the  inferior  ovary,  the  anterior  part  is  above  and  the  posterior  below,  a  a  a 
represent  sepalB;  b,  b,  the  lateral  petals;  6',  the  labellum,  prolonged  behind 
at  the  base  into  a  spur,  b*. 

Fig.  209.  Ground-plan  of  the  flower,  with  the  same  references. 

Fig.  210.  Flower  of  Luzula:  b,  the  6-merous scaly  perianth. 

192.  ^  The  perianth  of  the  Monochlamydeous  Dicotyledons  is  very 
varied  in  form,  texture,  and  colour.  It  may  be  monopJiyllous  or 
polyphyllous,  and  then  regular  (fig.  211)  or  irregular  (fig.  212),  and, 
moreover,  petaloid  or  sepaloid.  It  is  reduced  to  the  lowest  state  in 
the  Poplar  (fig.  213),  where  it  is  a  mere  membranous  cup ;  and  it  is 
absent  in  the  allied  genus  Salix,  as  also  in  the  Ash  (fig.  214). 

A  monophyflous,  coloured,  regular  perianth  exists  in  Thvmelacejn 
{Daphne)  ;  the  dull-coloured  monophyflous  perianth  of  AristolocMa  is 
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'cZ&i!;         Jhe  mouophyUous  sepaloid  perianths  of  Ulmus^ 
t «. r««t«  (ngs  21o,216)  &c.  are  regular;  the  polyphyllous  sepaloid  perianth 
01  1  r:;;'a:-;"  18.11  ;s°  '-gular.    In  l>olWmum,  tte  tegula?  mono  ,1," 
enanth  is  partially  petaloid,  while,  in  the  same  Order,  J2«m^  3 
ave  a  double  circle  of  unequal,  wholly  sepaloid  organs. 


E 


Fig.  211. 


Fig.  212. 


Fig.  213. 


Fig.  211.  Regular  perianth  at  Atarum. 
T?  S'  oi  i  i,7'egular  Perian*h  of  Arislolochia  ClematUii. 

nig.  JU.  J- lower  of  the  Poplar:  6",  from  a  male  catkin;  $,  from  a  female  catkin; 
each  with  an  abortive  perianth. 

193.  The  perianth  of  the  Glumiferous  Monocotyledons  requires 
special  mention. 


Fig.  215. 


Fig.  216. 


Fig.  214. 


Fig.  214.  Naked  flower  of  the  Ash  (Fraxinui  exceliior) . 
Fig.  215.  Flower  of  the  Elm  (XTlinm),  with  a  regular  5-toothed  perianth. 
Fig.  216.  Involucre  or  young  cupule  of  the  Chestnut  (Caitanea  veica),  with  two  female 
flowers,  each  having  a  regular  perianth. 

In  the  Grasses,  as  already  mentioned  (§  126),  the  flowers  arc  borne 
in  spikelets,  associated  in  spikes,  or  panicles.  A  spikelet  of  the  Oat, 
for  example  (fig.  217),  exhibits  at  its  base  a  pair  of  green  mem- 
branous scales,  the  glumes  (a,  a),  more  or  less  enclosing  all  the  inner 
parts  :  these  are  regarded  as  bracts,  forming  a  kind  of  involucre ; 
and  within  them  are  fonnd  one,  two,  or  more  flowers.  The  flowers 
succeed  one  another  alternately  on  a  rachis ;  and  each  is  composed 
of  two  scales  resembling  the  glumes,  but  smaller,  called  pales  (paleai 
or  glumellce)  (figs.  217-219,  b,  b')  :  the  outer  one  of  these  is  the 
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larger ;  but  the  inner  one  is  forked  at  the  top,  and  often  has  two 
distinct  principal  ribs  ;  hence  it  is  regarded  as  composed  of  two  con- 
fluent parts,  making,  with  the  outer  free  one,  three  sepals.  These 
pales  or  calycine  scales  often  bear  a  projecting  bristle  (awn,  arista)  at 
the  top  or  on  the  back  (fig.  218 &*) .  Within  the  pales  (fig.  219)  occur 
two,  or  in  some  Grasses  three,  little  hypogynous  scales  (lodiculce, 
x,  x),  regarded  as  abortive  petals ;  and  to  these  succeed  the  stamens 
and  pistil. 


Fig.  217.  Spikelet  of  the  Oat:  a,  a,  glumes;  b,  5,  the  outer  pales  of  the  two  florets. 

Fig.  218.  One  floret  detached  and  opened:  6,  the  outer  pale(with  an  awn  i*);  6',  the  inner  pale. 

Fig.  219.  The  same,  magnified,  with  the  outer  pale  removed :  6,  the  inner  (double)  pale;  x,  x, 
the  lodiculce  or  hypogynous  scales  representing  the  petals,  within  which  are  the 
three  stamens  and  the  ovary,  with  its  double  leathered  stigma. 


Some  authors  regard  the  pales  (especially  the  outer  one)  as  well  as  the 
glumes  as  bracts.    The  hypogynous  scales  are  three  in  number  in  Stipa, 
restoring  the  symmetry.    The  upper  glume  is  sometimes  abortive,  as  in 
Lolium,  While  in  Narclus  both  are  absent.    In  Ahpecurus  only  one  pale  is  / 
developed.    The  spikelet  often  contains  one  or  more  imperfect  flowers.  // 

194.  The  perianth  of  Cyperacese,  where  it  exists,  presents  a  still 
simpler  condition,  analogous  to  that  in  the  Amentiferous  Dicoty- 

Fig.  220. 


T?-S"  9??'  \     T*  °|s<fl'rP«*itho  essential  organs  surrounded  by  a  circle  of  bristles, 
xig.       Demalc  flower  of  Carex:  a,  the  perigynium,  or  perianth,  in  the  axil  of  a  bract  • 
o,  the  tubular  perigynium  cut  open  vertically,  to  show  how  it  surrounds  the  pistil 
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ledons,  and  in  somo  cases  is  abortive.  In  Scirpus  (fig.  220)  it  con- 
sists of  a  circle  of  bristles ;  in  Eriophorum  it  is  a  tuft  of  hairs, 
which  grow  out  into  a  "  lock  "  of  cotton  as  the  fruit  ripens.  In 
Car  ex  (fig.  221)  there  is  an  urceolate  or  inflated  tubular  perianth 
(perigynium  or  utriculus)  surrounding  the  pistil  of  the  fertile  or 
female  flower,  which  stands  in  the  axil  of  a  bract ;  Cyperus,  Cladium, 
&c.  have  the  essential  organs  naked  in  the  axil  of  a  bract. 

Sect.  9.  The  Essential  Oegans  op  Flowebs. 

195.  The  essential  organs  of  flowers  consist  of  stamens  and  pistils, 
both  of  which  are  present  vnperfect  flowers,  although  these  latter  may- 
be incomplete,  from  the  absence  of  floral  envelopes.  In  diclinous  or 
unisexual  flowers  the  stamens  or  pistils  exist  alone,  and  the  flowers 
are  consequently  imperfect. 

As  the  stamen  possesses  a  determinate  physiological  function,  there  can 
be  no  organs  physiologically  intermediate  between  petals  and  stamens ; 
but  organs  morphologically  intermediate  occur,  not  only  normally,  as  in 
the  flowers  of  Nym-phcea  (§  140), but  such  structures  are  very  common  in 
monstrous  double  flowers,  bearing  anthers  or  polliniferous  lobes  upon  the 
borders  of  petals.  The  morphological  connexion  is  also  kept  up  by  the 
existence  of  sterile  filaments  or  stamen-stalks,  which,  like  the  filaments 
of  perfect  stamens,  may  exhibit  a  petaloid  character. 

Still  less  can  there  be  any  physiological  intermediates  between  stamens 
and  pistils,  as  they  represent  the  distinct  sexes ;  but  here,  again,  morpho- 
logically, connexion  is  occasionally  shown  in  monstrous  flowers,  where 
imperfect  organs  present  themselves,  partaking  of  the  outward  characters 
both  of  stamens,  and  carpels. 

Abortive  organs,  referable  either  to  the  corolline  or  the  staminal  circles 
or  excrescences  therefrom,  have  been  already  referred  to  (§  186) ;  but  it  is 
desirable  to  notice  more  particularly  the  conditions  of  those  structures 
which  are  commonly  described  under  the  name  of  disk.  The  simplest 
state  is  that  of  one  or  more  glandular  papillae,  upon  the  receptacle,  as  in 
the  Cruciferaa  (§  149).  In  the  Crassulaceaa  (Sedum,  Sempei-vivum)  we 
find  a  circle  of  glandular  bodies  outside  the  carpels  ■ 
and  between  these  and  the  stamens.  In  Cobcea,  the  Fig.  222. 
Vine,  and  other  flowers,  there  is  a  five-lobed  hypo- 
gynous  disk,  the  stamens  being  inserted  outside  or 
between  the  lobes.  In  Citrus  (fig.  222)  the  disk 
forms  a  perfect  ring  round  the  ovary.  In  Gaultheria 
there  is  a  double  circle  of  scales  between  the  stamens 
and  the  ovary.  On  the  other  hand,  in  Vinca  there 
are  two  glands,  alternating  with  the  two  carpels  of 
the  ovary.  The  study  of  these  structures  is  very  in- 
teresting, in  regard  'to  the  reduction  of  irregular 
flowers  to  regular  types.  Some  of  the  structures  are  j>iower  0f  CWruswith  the 
rudimentarypetals  or  stamens;  and  in  other  cases  they    petals  and  stamens  re- 

n      •»  i*7  1      -.       «  .      n  ,i  j- .  ~i  .     ,«"U*      moved,  snowmir  t  he  nn- 

are  referable  to  developments  of  the  receptacle  itseii,  nulnr  ^ak  SXSI^0UD^ 
constituting  whatDeCandolle  named  the  torus  (§  1G0).    the  ovary. 
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196.  The  calyx  and  corolla  having  distinctive  collective  names, 
analogous  terms  are  sometimes  used  for  the  assemblages  of  stamens 
and  pistils  of  a  flower :  the  stamens  collectively  constitute  the  an- 
(/j'uiM  ;  the  combination  of  carpcllary  organs  forms  the  gijnceQjum. 


The  Stamens. 

197.  The  essential  character  of  a  stamen  is,  that  it  is  that  organ 
in  which  are  formed  the  pollen-grains,  the  bodies  by  means  of  which 
the  fertilization  of  the  ovules  is  effected.  A  completely  developed 
stamen  (fig.  223)  exhibits  two  principal  regions,  the  filament  or 
stalk  (a),  corresponding  to  the  petiole  of  a  leaf,  and  the  anther  (&), 
corresponding  to  the  blade  of  a  leaf — which  is  a  hollow  body  con- 
taining the  pollen,  and  is  therefore  the  only  essential  part  of  the 
organ  :  the  filament  may  be  wanting  or  merely  rudimentary ;  and  the 
anther  then  remains  sessile,  like  a  leaf-blade  when  the  petiole  is  not 
developed.  The  normal  position  of  the  stamens  is  between  the 
petals  and  the  pistil ;  each  stamen,  under  ordinary  circumstances,  in- 
tervenes between  two  petals  or  is  alternate  with  them,  and  therefore 
superposed  or  opposite  to  a  sepal. 

The  base  of  the  filament,  or  of  the  so-called  sessile  anther,  is  usually 
articulated  to  the  receptacle  when  these  organs  are  free  (§  157)  ;  but 
this  condition  is  more  or  less  disguised  when  the  stamens  are  adherent  to 
the  calyx,  corolla,  or  ovary. 

198.  Sterile  filaments,  i.  e.  such  as  are  devoid  of  anthers,  occur 
in  many  flowers  in  regular  circles  (§  152) ;  and  not  unfrequently  one 
or  more  stamens  exist  in  this  condition  in  unsymmetrical  flowers. 
Sometimes  these  staminodia  are  reduced  to  mere  scales,  as  in  the 
odd  stamen  of  Scrophularia  (fig.  224),  or  to  glandular  papilla,  as  in 
the  flowers  of  many  Cruciferse. 

199.  The  filament,  in  its  usual  condition,  is  a  slender  thread-like 
stalk  to  the  anther,  and  in  this  state  is  termed  filiform.  Sometimes 


Fig.  223. 


Fig.  225. 


Fig.  224. 


V!B'        n    T0"  1  a' the  mamcn';  *.  the  anther. 

rig.  u\.  Lorolla  of  Scrophularia  laid  open,  showing  the  four  didynamous  stamens  nnd  *k„ 
T?;„  oo=  c.  P°9ten„or  barren  one,  or  staminode.  tfte 
f  ig.  225.  Stamen  of  Allium,  with  a  trifld  filament. 
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it  is  almost  hair-like,  and  incapable  of  supporting  the  weight  of  the 
anther,  when  it  is  capillary,  as  in  the  Grasses ;  while  it  is  still  more 
frequently  thick  at  the  base,  diminishing  gradually  upwards,  so  as 
to  become  awl-shaped  or  subulate.  In  a  few  instances  (Urtica)  it  is 
moniliform,  or  like  a  row  of  beads.  In  other  cases  it  is  more  or 
less  expanded  into  a  petaloid  condition,  as  in  En-odium;  in  Campanula 
it  is  expanded  in  this  manner  at  the  base.  Orniihogalum  has  the 
filament  dilated  in  this  way  throughout.  The  dilated  filament 
sometimes  exhibits  divisions :  in  Crambe  it  is  forked  at  the  summit, 
the  anther  standing  on  one  point ;  in  Allium  (fig.  225),  Alyssum 
calycinum,  Omithogalum  nutans,  &c.  the  filament  terminates  in  three 
teeth,  the  middle  one  bearing  the  anther;  and  in  Allium  sativum  one 
of  the  lateral  teeth  forms  a  kind  of  tendril. 

In  some  plants,  as  in  Mallows,  some  Myrtaceae,  Hypericum,  &c,  the 
stamens  are  very  numerous  and  are  arranged  in  fascicles.  The  study 
of  the  development  of  these  flowers  shows  that  in.  most  cases  these 
fascicles  are  originally  single  organs,  which  become  subsequently 
divided,  or  rather  branched,  so  that  the  fascicle  of  stamens  in  such  a 
case  may  be  compared  to  the  compound  leaf. 

200.  Appendages  of  other  kinds  are  also  met  with,  such  as  a  pair 
of  glandular  processes,  standing  like  stipules  near  the  base,  in  Lau- 
racea;  (fig.  233),  a  single  spur  in  Eosemary ;  while  in  Borago  the 
filament  appears  to  arise  on  the  face  of  a  scale  -like  body,  and  in 
Simaba  and  Larrea  it  stands  at  the  back  of  an  analogous  scale. 

The  scale-like  organs  situated  at  the  base  of  filaments,  or  connected 
with  fascicles  of  stamens  ( Tiliacece),  are  by  some  regarded  as  furnishing 
evidence  for  the  doctrine  of  chorisis  (§  149)  ;  but  they  are  more  probably 
merely  barren  lobes  of  compound  stamens. 

201.  The  anther  has  a  typical  form,  which  is  subject  to  very  great 
modification  in  different  cases.  A  regular  anther  (fig.  223,  b)  is  an 
oblong  body,  divided  perpendicularly  into  two  lobes ;  the  division  is 
usually  marked  by  a  furrow  on  the  face,  and  a  ridge  on  the  bach 
(or  dorsum).  The  central  region,  which  is  solid  and  represents  the 
midrib  of  a  leaf,  is  called  the  connective ;  the  lobes  are  hollow  dila- 
tations of  the  lamina,  and  contain  the  pollen.  At  each  border, 
usually  rather  toward  the  face,  is  a  vertical  line,  called  the  suture, 
indicating  the  place  where  one  class  of  anthers  split  open  to  discharge 
the  pollen. 

202.  The  anther  is%  attached  to  the  filament  in  several  ways :  if 
the  filament  runs  directly  without  interruption  into  the  base  of  the 
connective,  like  the  stalk  of  an  ordinary  leaf,  it  is  said  to  be  irmato 
or  b&si  fixed  ;  if  the  filament  runs  up  the  back  of  the  anther  as  it  were, 
so  that ;  trie  latter  is  more  or  less  free  at  the  base,  the  anther  is 
adnttte  or  dorsifi.ved ;  if  the  filament  is  attached  by  a  slender  apex 
toauout  tho  middle  of  the  back  of  the  anther,  the  latter  is  versatile. 
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Fig.  226. 


In  the  Tulip,  the  capillary  point  of  the  anther  runs  up  into  a  conical 
pit  in  the  hase  of  the  connective. 

203.  The  modifications  of  the  anther  result  from 
various  causes — from  development  of  the  connective, 
from  the  presence  of  appendages,  from  variation  of 
form  of  the  anther-lobes,  and  from  special  conditions 
of  the  internal  cells;  and  there  are  also  important 
differences  in  the  manner  of  bursting,  or  dehiscence, 
for  the  discharge  of  the  pollen. 

204.  The  connective  is  normally  a  solid  rib,  run- 
ning up  the  middle  of  the  anther.  If  the  lobes  of  the 
anther  extend  upward  or  downward  beyond  it,  the 
summit  or  base  of  the  anther  (or  both)  becomes 
emarginate.  On  the  other  hand,  the  summit  of  the 
connective  is  prolonged  in  a  membranous  form  in  Viola, 
and  also  in  the  Compositse.  In  Paris  (fig.  226)  the 
apes  is  lengthened  into  a  point,  also  in  Asarum, 
Magnolia,  &c. ;  in  Xylojria  into  a  fleshy  mass ;  in  the  Oleanders  into 
a  feathered  process,  &c.  In  two  of  the  stamens  of  Viola  the  base  of 
the  connective  has  petaloid  spur-like  appendages ;  and  still  more  re- 
markable states  occur  in  the  Melastomacese. 

At  other  times  the  connective  expands  transversely,  so  that  the 
lobes  become  more  or  less  separated  ;  in  such  cases  it  may  be  ovate, 
orbicular.  &c.  {Melissa,  the  Lime-tree,  &c).  This  is  especially  the 
case  with  the  lower  part ;  and  examples  may  be  found  illustrating 
this  point,  forming  a  series  from  the  state  where  the  bases  of  the 
lobes  are  but  slightly  separated,  to  that  in  which  they  are  inclined 
together  at  the  summit  at  an  angle  of  45°  (  Vitex) ;  or,  further,  the 
bases  are  carried  out  and  up  till  they  are  horizontal,  as  in  Stachys, 


Stamen  of  Paris 
guadrifoUa. 


Fig.  228. 


Fig.  227. 


Fig.  229. 


Fig.  227.  Stamen  of  Salvia  officinalis,  with  a  half-anther  containing  pollen  and  the  other  h„H 
JjTOseparated  by  the  bifurcation  of  the  connections The ™u  of  the 

2M  qt?™P  of  ?ta™on9witn  sinuate  anthers,  of  the  male  flower  of  a  Gourd 
Jng.  Md.  Stamen  of  Vaccinium  uliginosum.  fourcl. 
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Prunella,  &c.  ;  while  in  other  instances  this  goes  so  far  that  the 
connective  grows  out  into  two  distinct  arms  from  the  summit  of  the 
filament,  bearing  the  solitary  anther-cells  at  the  tips:  in  Salvia 
(fig.  227)  one  of  the  lobes  is  abortive,  and  represented  by  a  petaloid 
plate. 

205.  The  Iqbes  of  the  anther  are  commonly  oblong ;  in  the 
Grasses  they  are  linear ;  but  they  vary  with  the  form  of  the  con- 
nective, and  are  sometimes  lunate  or  reniform.  In  the  Cucurbitaceaj 
they  are  remarkably  convoluted  (simtate)  into  a  flat  scroll-like 
form  (fig.  228).  Not  unfrequently  they  are  attenuated  upwards 
into  free  points,  as  in  Vaccinium  (fig.  229) ;  in  the  Melastomaceae 
the  two  lobes  become  confluent  into  a  tubular  process  at  the  summit; 
while  appendages  are  occasionally  met  with  at  the  bases  of  the  lobes, 
as  in  Erica  (fig.  230),  &c. 

206.  The  lobes  of  most  anthers  exhibit  internally  four  cells  (or 
loculi)  in  the  early  stages  of  development,  each  lobe  being  divided 
into  two  by  the  septum  extending  from  the  connective  to  the  suture 
(fig.  231).  The  septum  is  more  or  less  destroyed  during  the  matura- 
tion of  the  pollen  in  most  cases,  leaving  the  anther  two-celled,  or 
bilocular  (fig.  232).  In  some  cases  the  internal  substance  of  the 
connective  is  likewise  absorbed,  producing  a  true  unilocular  anther, 
as  in  Alchemilla  and  in  Malvaceae.    In  other  cases  the  four  cells  are 


Fig.  230. 


Fisr.  233. 


Fig.  231. 


Fig.  232. 


Fie.  230.  Stamen  of  Erica  cinerea  _ 

Fil  231.  Section  of  an  anther,  its  two  lobes  still  divided  into  two  cells  by  the  septa  reaching 

from  the  connective  to  the  sutures. 
Fi»  232  Section  of  a  bilocular  anther  (the  septa  have  been  absorbed). 
Fie  233  Stamen  of  Laurus  Persea,  having  a  l-celled  anther  with  opercular  dehiscence,  and 

two  lobules  at  the  base  of  the  filament. 

retained  perfect,  as  in  the  quadrilocular  anthers  of  Butomus,  where 
they  are  parallel,  and  of  some  Lauracete,  where  they  become  oblique 
so  that  the  summits  are  all  turned  towards  the  face.  The  dimidiate 
unilocular  anthers  of  Gomphrcna  and  Salvia  are  so  called  from  being 
only  halves  of  anthers  in  which  one  lobe  is  abortive  or  suppressed. 
Anomalous  one-celled  anthers  occur  in  Pohjgala.    The  unilocular 
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lateral  anthers  of  the  diadelphous  stamens  of  Fumariaceae  are 
dimidiate. 

207.  When  the  anthers  are  mature,  the  cells  or  loculi  open  and 
discharge  the  pollen..  This  dehiscence  takes  place  in  different  ways  ; 
it  may  be  sutural}  porous,  or  opercular. 

Sutural  dehiscence  is  the  opening  of  the  walls  by  splitting  down 
vertically  at  the  sutures,  and  turning  back  like  folding  doors  ;  this 
is  the  more  frequent  case.  A  transverse  slit  is  formed  in  the  uni- 
locular anther  of  Alchemitta,  in  Lavandula,  and  in  Lemna. 

Porous  dehiscence  is  where  definite  orifices  are  formed  at  some 
point  of  the  wall  of  the  loculus,  as  at  or  near  the  summit  in  Solanum, 
Ericaceae  (figs.  229,  230),  &c. 

Opercidar  dehiscence  results  from  the  partial  separation  of  a  por- 
tion of  the  wall  of  the  loculus,  in  the  form  of  a  kind  of  lid,  as  in  the 
Berberry,  where  the  front  of  each  cell  splits  off  at  the  sides  and  base, 
and  turns  back  as  if  hinged  at  the  top.  In  the  LauraceEe  (fig.  233) 
we  find  either  two  or  four  little  fids  of  this  kind,  opening  the  two  or 
four  cells  of  the  anthers. 

208.  The  stamens  of  the  Gymnospermia  present  remarkable  con- 
ditions, which  require  separate  notice. 

Among  the  Coniferse,  the  stamens  of  Pinus  constitute  the  entire 
male  flowers,  and  are  conjoined  into  male  cones,  each  anther  forming 
a  scale  of  the  cone  ;  they  are  bract-like  plates,  bearing  on  the  lower 
face  two  parallel  anther-lobes  (bursting  longitudinally  or  irregularly), 
beyond  which  the  connective  extends  more  or  less  as  a  scale-like 
process.  In  Cupressus  the  form  of  the  anther  is  excentrically 
peltate  (§  89),  the  lobes,  three  or  four  in  number,  standing  under  the 
overhanging  connective ;  and  it  is  similar  in  Juniperus  and  Thuja. 
In  Taxus  the  peltate  connective  is  more  symmetrical,  and  radiately 
grooved  above,  having  from  three  to  eight  vertical  anther-lobes  be- 
neath: some  authors  regard  this  as  a  group  of  monadelphous  stamens. 

In  the  Cycadaceae,  where  the  anthers  are  scattered  in  large  num- 
bers over  the  lower  face  of  the  scales  of  the  male  cones,  they  occur 
mostly  in  the  form  of  groups  of  four  simple  anther-lobes,  with  longi- 
tudinal dehiscence  and  arranged  in  the  form  of  a  cross.  These  are 
mostly  described  as  parcels  of  unilocular  anthers. 

209.  The  stamens,  taken  collectively,  present  a  number  of  cha- 
racters, which  have  received  technical  names.  The  number  of  sta- 
mens in  a  flower  is  indicated  by  the  terms  mon-androus.  di-androus. 
&c. ;  when  more  than  twelve  exist,  the  term  pqlv-androus  is  em- 
ployed. When  the  number  of  the  stamens  is  equal  to,  or  some 
multiple  of,  the  number  of  petals  in  the  corolla,  &c.,  the  flower  is 
isMmsnous ;  when  the  number  is, different  (as  in  Scrophulariaceaj 
&c.)  the  flower  is  ff^^ffldimac 

210.  Two  cases  of  inequality  of  length  of  the  filaments  are 
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distinctly  named,  viz.  the  ^?|fffP"*llft?/g  condition  (figs.  234  &  235), 
when  there  are  two  pairs  of  stamens,  one  pair  longer  than  the  other, 
characteristic  of  many  irregular  Monopetalous  flowers  (Labiatse, 
Scrophulariaceae,  &c),  and  tetradynamous  (fig.  236),  when  there  are 
four  long  stamens  and  two  short  ones,  characteristic  of  the  Cruciferae. 

211 .  The  term  included  is  employed  to  denote  that  the  stamens 
do  not  reach  beyond  the  corolla ;  exserted,  that  they  are  protruded 
from  it ;  while  decimate  means  that  the  exserted  stamens  are  all 
curved  over  to  one  side. 

212.  The  stamens  are  subject  to  apparent  confluence  or  cohesion, 
like  the  other  organs  (§  154).    If  the  filaments  are  only  partially 


Fig.  234. 


Fig.  235. 


Fig.  236. 


Fig.  234.  Corolla  of  Ghchoma,  laid  open  to  show  the  didynamous  stamens. 
Fig.  235.  Corolla  of  Digitalis,  laid  open  to  show  the  didynamous  stamens. 
Fig.  236.  Tetradynamous  stamens  of  the  Wallflower  surrounding  the  pistil,  the  floral  enve- 
lopes being  removed. 

separated  so  that  they  form  a  tube  surrounding  the  style  (or  a 


Fig.  237. 


Fig.  238. 


Fi<?.  239 


Fig.  237.  Monadelphous  Btumens  of  Malva. 

Fig.  238.  Diadelphous  stamens  of  Legununoare.  ,fu„  imm. 

Fig.  230.  Ground-plan  of  a  Papilionaceous  flower  with  dindelphous  stamens  (the  little  circles 

round,  the  solitary  carpel).  .  _      ,  .. 

Fig.  240.  Triadclphous  or  polyadelphous  stamens  of  Hypericum  xgyptiacum. 
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column  in  a  staminate  flower  of  a  diclinous .  plant)  (fig.  228),  the 
stamens  are  monadelphous  (fig.  237),  as  in  Malvaceae,  Camellia,  &c. 
In  Fumariaceae  they  are  coherent  into  two  equal  parcels,  while  in 
many  Leguniinosae,  of  ten  stamens,  nine  are  united  together  and  one 
free;  these  states  are  called  diadelphous  (figs.  238  &  239).  In 
Hypericaceaj  we  have  triadelphous  (fig.  240)  and  pentadelphous 
states;  but  these,  as  also  the  state  in  Aurantiaceae  and  various 
Hyrtaceae,  are  generally  denominated  polyadelphous  (see  §  199, 
compound  stamens). 

213.  Syngenesious  signifies  that  the  filaments  are  free,  biit  the 
anthers  coherent  (fig.  241),  as  in  Compositae  and  Lobeliacese. 
Gynandrous  indicates  confluence  of,  or  want  of  separation  between, 
stamens  and  pistils,  such  as  occurs  in  Orchidaceae,  Asclepiadaceae, 
Ai-istolochia,  &c.  (fig.  242).  These  terms,  together  with  those  de- 
scriptive of  adhesion,  perigynous,  epigynous,  &c,  have  already 
been  explained  (§  157),  as  also  the  meaning  of  the  words  monoecious, 
dioecious,  &c.  (§  151). 

214.  Usually  what  is  called  the  face  of  the  stamen  is  turned 
inwards  toward  the  ovary,  and  it  is  then  said  to  be  introrse_\  but' 
sometimes  the  reverse  state  exists,  and  the  face  is  turned  towards 
the  floral  envelopes,  as  in  Ranunculus,  Colchicum,  &c,  when  the 
stamens  are  termed  extrorse. 


Fig.  241.  Syngenesious  stamens  of  Composite:  a,  the  anthers  surrounding  the  style  as  a 
sheath ;  b,  the  anthers  removed  and  spread  out,  showing  the  free  filaments. 

Fig.  242.  Section  of  the  lower  part  of  the  perianth  of  Aristolochia,  seated  on  the  inferior  ovary. 

In  the  cavity  of  the  perianth  is  seen  the  style,  with  the  adherent  anthers  upon 
its  sides. 

Fig.  243.  Clavate  pollen-mass  of  Orchis,  prolonged  below  into  a  caudicle,  by  which  it  attaches 
itself  to  the  rostellum  of  the  stigma. 

215.  The  Pollen,  discharged  from  the  anthers,  consists  in  almost 
all  cases  of  a  fine  powder  composed  of  microscopic  vesicles ;  the  form 
and  appearance  of  the  grains  vary  much,  and  will  be  spoken  of 
hereafter.  The  pollen  of  the  Asclepiadaceae  and  Orchidaceae,  how- 
ever, has  a  great  peculiarity,  in  remaining  permanently  coherent 
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into  masses,  often  of  a  waxy  character.  In  Orchidacea?  the  pollen- 
masses,  or  pollinia,  are  cither  single  in  each  loculus  of  the  anther 
(as  they  are  in  Asclepiadacea)),  and  then  often  furnished,  as  in  Orchis 
&c,  with  a  stalk-like  process,  called  the  caudicle  (fig.  243),  termi- 
nating in  a  gland-like  base  (retinaculum),  by  which  they  readily  ad- 
here to  the  stigma  or  to  foreign  bodies,  such  as  insects ;  or  the 
pollinia  are  two  or  four  in  each  loculus,  and  devoid  of  a  caudicle ; 
sometimes  the  pollinia  are  numerous,  and  form  merely  a  loose 
granular  mass. 

The  external  characters  of  the  pollen-grains,  their  structure,  and  sub- 
sequent history  will  be  treated  of  in  the  Third  Part  of  this  work,  as  they 
belong  to  the  microscopic  anatomy  and  the  Physiology  of  Plants.  The 
form  of  the  pollen-grains  is  generally  constant  in  the  same  plant;  but 
great  variations  are  often  found  within  the  limits  of  Natural  Orders,  so 
that,  excepting  the  Orchidacese  and  Asclepiadacea?,  and  a  few  other  groups, 
they  do  not  afford  any  very  useful  characters  in  Systematic  Botany. 


Fig.  246. 


The  Pistil. 

216.  The  central  essential  organs  of  flowers,  composing  th.e  pistil, 
consist,  like  the  outer  parts,  of  modified  leaves ;  these  constituent 
leaves  are  called  carpels.  The  peculiar  character  of  a  carpel  is,  that 
it  produces  ovules,  the  rudiments  of  the  seeds — usually  upon  the 
margins,  but  occasionally  on  other  parts  of  the  internal  surface.  In  the 
G-ymnospermia  these  ovules  are  developed  upon  the  edges  or  surface 
of  expanded  carpels.  In  the  Angio- 
spermia,  comprehending  the  great  Fig.  244.  Fig.  245. 
majority  of  Flowering  plants,  the 
carpels  are  folded  up,  either  singly 
(fig.  244)  or  collectively,  with  the 
margins  turned  in  so  as  to  place  the 
ovules  in  the  interior  of  a  hollow 
case.  The  case  thus  formed,  en- 
closing the  ovules,  is  called  the  ovary 
(figs.  224  &  225,  a,  a)  ;  the  upper 
part  of  the  carpel  is  frequently  at-" 
tenuated  into  a  slender  column  called 
the  style  (c),  at  the  extremity  of 
which  is  a  terminal  glandular  orifice 
or  stigma  (b,  b),  the  borders  of 
which  are  often  more^  or  less 
thickened  or  developed  into  pro- 
cesses of  various  kinds.  Sometimes 
the  stylar  prolongation  does  not 
exist ;  and  then  the  stigma  is  sessile 
upon  the  ovary. 


Fig.  214.  Simple  pistil  of  Primus:  a,  the 
orary;  c,  the  style;  b,  the  stigma. 

Fig.  245.  The  some,  opened,  to  show  the 
ovule  within  the  ovary. 

Fig.  246.  Cross  section  of  the  pistil  of 
Pnunut,  showing  that  the  ovule  arises 
from  the  placenta  at  the  confluent  margins 
of  the  carpel. 
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The  pistils  are  undoubtedly  formed  of  carpels  (carpellary  leaves)  in 
most  instances.  Some  writers  do,  indeed,  consider  them  to  be  formed  in 
certain  families  by  an  expansion  of  the  receptacle  or  axis  of  the  flower; 
but  it  is  the  general  opinion  that  the  carpels  in  such  cases  are  imbedded 
within  the  hollow  receptacle. 

The  foundations  of  the  carpellary  theory,  and  of  the  doctrine  that  the 
carpels  are  metamorphosed  leaves,  rest  upon  a  very  wide  basis.  _  The  fol- 
lowing observations  include  examples  of  some  of  the  most  important 
classes  of  proofs :— 1.  The  camel  ordinarily  possesses  more  of  the  cha- 
racter of  a  true  leaf,  as  regards  texture  and  colour,  than  the  stamens  or 
petals— approaching  to  the  sepals,  which  we  have  seen  to  pass  insensibly 
through  the  bracts  (§140)  into  ordinary  leaves.  The  resemblance  is 
sometimes  heightened  during  the  development  of  the  fruit,  as  we  see  in  the 
legumes  of  some  species  of  Cassia,  and  still  more  in  the  bladder-like  pod 
of  Colutea.  2.  Abundant  examples  exist  of  the  substitution  of  petals  for 
stamens  and  pistils  in  abnormal  flowers ;  and  an  almost  equally  common 
monstrosity  consists  in  the  substitution  of  isolated  stunted  green  leaves  for 
the  carpels.  In  the  Double  Cherry,  cultivated  in  shrubberies  for  the  sake 
of  its  blossom,  the  stamens  are  generally  replaced  by  petals,  while  the 
centre  of  the  flower  is  mostly  occupied  by  a  pair  of  green  leaves.  (The 
single,  fertile  Cherry  frequently  has  two  pistils  developed  instead  of 
one.)  In  a  common  monstrosity  of  the  White  Clover,  the  pod  is  usually  ' 
replaced  by  a  more  or  less  perfect  green  leaf ;  the  same  occurs  in  garden 
Roses,  where  tufts  of  green  leaves  replace  the  pistils;  and,  in  fact, 
examples  of  this  kind  are  very  abundant.  3.  The  more  or  less  stunted 
green  leaves  which  represent  the  carpels  in  the  above-mentioned  monsters 
frequently  exhibit  on  their  margins  structures  varying  in  character  from 
almost  perfect  rudiments  of  ovules  to  cellular  papillae  and  leafy  lobules. 
This  is  observed  in  the  monstrous  Clover,  and  has  been  especially  remarked 
also  in  monstrous  flowers  of  cultivated  (forced)  Tulips,  of  various  Cruci- 
ferae,  Rammculacese,  Scrophulariacefe,  &c.  The  abnormal  conditions  in 
these  cases  are  analogous  to  the  normal  condition  in  Coniferae  and  Cyca- 
dese,  the  Gymnosperms,  where  the  ovules  are  always  naked  on  open 
carpels.  4.  The  production  of  ovules  on  the  margins  of  carpels  is  analo- 
gous to  what  is  seen  in  the  development  of  adventitious  buds  on  vegetative 
leaves,  as  in  Bryophyllum  &c.  Such  buds,  however,  occur  sometimes  on 
the  upper  surface  of  leaves  ;  and  we  find  some  carpels,  as  in  Nymphcea, 
Butomus,  &c,  with  ovules  developed  more  or  less  extensively  over  the  in- 
ternal face.  5.  The  disposition  or  arrangement  of  the  vascular  bundles 
is  that  of  the  leaf,  not  that  of  the"branch.  The  structure  and  mode  of 
growth  generally  are  those  of  the  leaf  and  not  of  the  branch. 

217.  The  region  of  the  carpel  whence  the  ovules  arise  is  called  the 
placenta;  and  when  in  Angiospermous  flowers  the  placentas  are  clearly 
and  distinctly  marginal,  they  must  of  course  be  double,  from  the 
meeting  of  the  two  edges ;  the  same  is  true  of  the  stigmatic  surfaces. 
The  line  of  tmion  of  the  margins  of  carpels  constitutes  the  ventral 
suture  ;  the  line  corresponding  to  the  midrib  of  the  carpellary  leaf  is 
the  dorsal  suture. 

An  excellent  example  of  a  simple  typical  pistil  formed  of  a  single  carpel 
attorded  by  the  legume  of  the  Leguminosee ;  as,  for  instance,  in  the 
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Sweet-pea,  where  we  find  the  ovary,  with  a  ventral  and  dorsal  suture, 
narrowed  ahove  into  a  short  slender  style,  terminating  in  a  slightly 
enlarged  stigma.  When  we  open  the  ovary,  in  the  way  it  is  broken  in 
shelling  peas  for  the  table,  we  find  the  placentary  margins  separated  at  the 
ventral  suture,  each  carrying  away  halt  the  ovules,  demonstrating  clearly 
the  double  character  of  the  placenta. 

218.  Pistils  differ  extremely  in.  different  plants,.from  dissimilarity 
in  the  number,  degree  and  mode  of  nnion,  and  relative  development 
of  the  clifferent  regions  of  the  carpels,  to  which  are  added  the  pecu- 
liarities arising  from  adhesion  of  the  outer  circles. 

219.  The  number  of  carpels  is  most  frequently  less  than  that  of 
the  organs  in  the  outer  whorls,  being  very  frequently  reduced  to 
two,  and  often  to  one.  On  the  other  hand,  multiplication  of  the 
number  is  met  with  in  certain  Orders,  where  the  receptacle  is  gene- 
rally more  or  less  enlarged  to  make  room  for  them. 

A  large  portion  of  the  Monopetalous  Dicotyledons,  with  a  quinary  ar- 
rangement of  the  calyx  and  corolla,  and  often  of  the  stamens,  have  dicarpel- 
lary  pistils,  as  Gentianacese,  Apocynaceffi,  Solanacese,  &c.  Leguminosse 
with  quinary  flowers  have  a  solitary  carpel.  The  agreement  of  the  number 
of  carpels  with  the  other  organs  is  almost  universal  in  the  ternary  flowers 
of  Monocotyledons,  as  in  Liliacese,  Iridaceas,  Orchidacese,  &c.  Multiplica- 
tion of  carpels  is  especially  frequent  in  the  Ranunculacese,  Magnoliacese, 
and  some  other  Orders. 

220.  A  most  important  set  of  conditions  arises  from  the  phenomena 
of  cohesion  in  the  carpellary  circle.  In  the  typical  pistil  above 
described,  and  which  really  exists  in  Leguminosae  (for  instance),  the 
organ,  being  composed  of  one  carpel  only,  is  simple.  A  carpel  may 
be  solitary  in  a  flower,  from  suppression  of  the  remainder  of  the 
circle  ;  or  there  may  be  in  the  same  flower  several  distinct,  i.  e.  un- 
combined  carpels,  as  in  Larkspur,  Aconite,  Magnolia,  Ranunculus, 
Fragaria,  &c.;  in  these  cases  the  term  multiple  pistils  is  occasionally 
used,  or  we  may  say  carpels  distinct,  three,  five,  or  numerous,  as  the 
case  may  be.  The  term  apocarpous  pistil  includes  both  the  solitary 
carpel  and  the  multiple  pistils.  In  the  case  of  multiple  pistils,  where 
the  receptacle  is  flat  the  carpels  are  in  tvhorls ;  but  if  the  receptacle 
is  elongated  the  carpels  are  arranged  spirally,  as  in  Magnolia. 

221.  "Where,  as  very  frequently  happens,  the  carpels  cohere  to- 
gether, as  the  stamens"  do  in  the  condition  called  monadelphous,  a 
syncarpous  or  compound  pistil  is  formed  ;  and  as  the  carpels  occupy 
the  apex  of  the  receptacle,  they  do  not  form  an  open  organ,  like  the 
tube  of  filaments  in  Malva,  for  example,  but  a  closed  case,  appearing 
externally  like  a  solid  body,  mostly  with  ridges  and  grooves  on  the 
outside,  indicating  its  compound  nature. 

The  union  varies  very  much  in  degree :  even  m  multiple  pistils 
wc  find  the  carpels  sometimes  cohering  strongly  while  young,  and 
separating  only  as  the  seeds  ripen  ;  and  in  true  compound  pistils  the 
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union  does  not  always  extend  to  the  summit  of  the  ovarian  region, 
as  we  observe  in  the  Saxifragaceoa,  where  the  apices  of  the  ovaries 
diverge.  More  frequently  the  ovarian  regions  are  firmly  coherent ; 
and  then  the  styles  may  be  wholly  free— Pink,  Silene  (fig.  174),  Hy- 
pericum, &C— or  united  part  of  the  way  up— as  in  some  Malvaceae 
(fig.  247),— or  entirely,  but  with  the  stigmas  distinct  (as  in  Gera- 
nium, &c.)  ;  or  the  stigmas  may  also  be  confluent  (Primulacese,  Sola- 
nacea3,  &c).  Sometimes,  however,  the  styles  or  stigmas  exhibit  the 
reverse  condition,  and  are  split  into  two  parts,  as  in  the  styles  of 
Brosera,  Euphorhia,  &c. 

222.  The  conditions  arising  from  adhesion  have  been  referred  to 
already,  under  the  names  of  superior  or  inferior  calyx  or  ovary 
(§  158).  They  are  always  associated  with  cohesion  when  more  than 
one  carpel  exists.  The  styles  are  free  when  the  ovary  is  inferior, 
either  coherent,  as  in  Iridacese  (fig.  260),  or  distinct,  as  in  the  Um- 
belliferae  (fig.  171)  and  Bubiaceae.  In  Saxifraga,  and  in  some  other 
cases,  the  ovary  is  half-inferior.  When  the  stamens  are  consolidated 
with  the  pistil,  the  gynandrous  condition  is  produced.  In  Orchidacese 
the  filaments  are  inseparable  from  the  style,  forming  a  column  sur- 
mounting the  ovary;  in  Asclepiadacese  the  anthers  adhere  to  the 
summit  of  the  free  compound  style  ;  in  Aristolochiaceae  the  filaments 
adhere  to  the  base  of  the  compound  style  (fig.  242). 

223.  Compound  pistils  are  sometimes  smooth  and  even  on  the 
outside,  showing  no  sign  of  their  compound  nature,  as  in  Primula 
&c. ;  in  other  cases  they  exhibit  more  or  less  deep  furrows  at  the 
lines  of  junction,  sometimes  dividing  them  into  lobes.  But  the  in- 
ternal structure  of  the  ovary  generally  indicates  the  number  of  car- 
pels entering  into  its  composition  very  plainly. 


Fig.  247. 

°  Fig.  248.    Fig.  249.     Fig.  250.      Fig.  251. 


Fig.  217.  Ovarv,  styles,  and  stigmas  of  Malva.      Fig.  249.  3-celled  ovary  of  Lilium. 
Dig.  -MS.  2-celled  ovary  of  Serophulariacea:.         Fig.  250.  3-celled  ovary  of  Commelyna. 
Fig.  251.  4-celled  ovary  of  Fuchsia. 

224.  When  the  carpels  are  firmly  and  organically  united  by  the  I 
surfaces  of  contact,  we  obtain  the  typo  of  a  compound  multilocular  I 
or  many-celled  ovary  (fig.  248).  In  these  cases  the  sides  of  the/ 
constituent  carpels  are  folded  inwards,  so  as  to  meet  in  the  centre  | 
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and  thus  form  partitions  between  the  chambers  {cells  or  loculi).  The 
placental  margins  of  the  infolded  carpels  are  retroflcxed,  constituting 
central  or  axile  placentas.  The  partitions  are  called  dissepiments,  and 
are  necessarily  double,  being  composed  of  the  conjoined  side-walls  of 
contiguous  carpels.  In  such  ovaries  the  dorsal  sutures  are  in  the 
outer  wall,  while  the  ventral  sutures  meet  in  the  centre  (fig.  248). 

Examples  of  this  kind  of  ovary  are  furnished  by  Libacese  (fig.  249) 
and  many  other  Monocotyledonous  orders,  by  Ericaceaj,  Solanacese,  Scro- 
phulariaceae,  &c.  In  some  cases  the  ventral  sutures  and  placentas  are  not 
directly  confluent,  but  adhere  to  a  central  prolongation  of  the  receptacle 
running  up  between  them,  as  in  Geraniacese  (fig.  276),  &c. 

False  or  spurious  dissejnments  occur  occasionally  both  in  compound  and 
simple  ovaries,  consisting  of  membranes  or  plates  developed  from  the  pla- 
centa or  from  the  dorsal  suture,  aud  subdividing  the  originally  single  ca- 
vity formed  by  individual  carpels.  Thus  in  Linum  the  5-carpellary  ovary 
would  have  five  cells,  were  it  not  that  a  spurious  dissepiment  extends  in- 
wards from  the  dorsal  suture  to  the  placenta  in  each  cell,  and  divides  the 
ovary  into  ten  cells.  In  Astragalus  (fig.  252)  the  simple  ovary  is  divided 
by  the  inflexion  of  the  dorsal  suture,  and  in  Datura  Stramonium  a  false 
septum  is  formed  in  each  of  the  cells  while  the  seeds  are  ripening.  The 
transverse  false  septa  found  in  various  Leguminous  ovaries,  such  as  Cathar- 
tocarpus  &c,  are  likewise  placental  developments. 

225.  If  the  carpels  are  not  inflexed,  but  cohere  by  their  contiguous 
margins,  they  form  a  hollow  case  with  only  a  single  cavity ;  and  as 
the  lines  of  junction  of  the  carpels  are  on  the  outer  wall,  the  pla- 
centas must  stand  inside  those  lines  ;  in  this  way  is  formed  a  undo* 
cular  compound  ovary  with  parietal  placentas  (figs.  253-255).  There 
are  no  dissepiments ;  and  the  ventral  sutures,  alternating  on  the  outer 
walls  with  the  dorsal  sutures,  are,  in  such  eases,  like  the  placentas 
within,  formed  of  the  confluent  margins  of  two  different  carpels 
instead  of  those  of  the  same  carpel. 


Fig.  252. 


Fig.  253.       Fig.  254.       Fig.  255. 


Fig.  252.  a,  legume  of  Astragalus;  b,  cross 
section,  showing  a  false  dissepiment  formed 
by  the  inflexion  of  the  suture. 


Unilocular  compound  ovaries 


Fig.  253.  Ovary  of  Gentianacea:. 
Fig.  254.  Ovary  of  Viola. 
Fig.  255.  Ovary  of  Cistus. 


We  find  almost  every  possible  degree  of  transition  between  ^"  f  f 
and  the  axile  placentas,  according  as  the  placentiferous .margin .  pi qeot 
more  or  less  into  the  interior  of  the  ovary.   True  parietal  placentas  ore 
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found  in  Violacea  (fig.  254),  Resedacete,  Gentianacere  (fig.  253),  Funaa- 
riacere,  Cistacete  (fig.  255),  Grossulaceas,  &c.  In  Papaver  we  haye  the 
margins  turned-in  so  as  nearly  to  reach  the  centre  (as  imperfect  dissepi- 
ments) ;  in  some  Hypericacere  (H.  rjraveolem)  the  originally  axile  placentas 
become  parietal  by  separation  during  the  ripening  of  the  fruit,  while  m 
Cucurbitacero  the  originally  distinctly  parietal  although  greatly  innexed 
margins  ultimately  cohere  so  as  to  form  an  axile  placenta. 

In  Crucifera  we  have  an  anomalous  condition,  where  there  are  two 
double  parietal  placentas,  but  from  the  central  line  of  each  projects  a  plate 
passing  across  the  cavity  and  forming  a  kind  of  spurious  septum,  called 
a  replum  ;  so  that  each  cell  contains  only  the  two  half-placentas  formed 
by  its  own  margins. 

226.  In  some  Orders,  where  the  walls  are  as  in  the  unilocular 
compound  ovaries  above  described,  the  placentas  are  found  as  a  free 
column  or  expanded  mass  in  the  centre  of  the  common  cavity.  This 
forms  the  compound  unilocular  ovary  with  a  free  central  placenta. 
In  Primulaceae,  Santalaceae,  and  some  other  Orders,  where  this  kind 
of  placentation  occurs,  the  placentas  are  free  from  their  very  earliest 
state,  and  are  seen  to  be  direct  prolongations  of  the  receptacle 
within  the  carpels. 

The  appearance  of  a  free  central  placenta  is  presented  in  Caryophyllacesa 
and  some  other  plants  by  the  obliteration  during  development  of  the  par- 
titions which,  in  a  young  state,  pass  between  the  outer  walls  and  the  centre 
of  the  carpels. 

In  tbe  opinion  of  Schleiden  and  some  others,  the  marginal  theory  of 
placentation  is  erroneous.  The  placentas  are  supposed  to  be  in  all  cases 
stem-structures,  ramified  or  simple,  axillary  to  the  carpels,  or  forming  the 
terminal  bud  of  the  axis  or  apex  of  the  receptacle,  within  a  cavity  either 
formed  by  carpels  or  by  a  hollowing-out  of  the  end  of  the  receptacle. 
Thus  the  solitary  ovules  in  the  simple  pistils  of  Ranunculus,  Primus,  Fra- 
garia,  &c.  would  be  axillary  buds  of  the  carpels.  The  solitary  ovule  of 
Plumbaginaceaj,  Compositse,  Thymelacere,  &c.  would  be  the  terminal 
bud  of  the  axis.  Tbe  free  central  placenta  of  Primulacese,  &c.  woidd  be  a 
terminal  shoot  covered  with  buds  or  ovules ;  and  the  cases  of  axile  placentas 
in  multilocular  ovaries  (Liliaceas,  Scrophulariaceae,  &c.)  would  result  from 
the  margins  of  the  carpels  turning  in  and  adhering  to  the  central  body. 
Parietal  placentas  are  explained  by  supposing  the  terminal  shoot  to  branch 
out  into  as  many  processes  as  there  are  placentas,  these  shoots  bearing 
buds  (ovules)  and  adhering  to  the  internal  surface  of  the  carpellary  walls. 

These  views  are  not  much  adopted ;  for  while  the  marginal  theory  ex- 
plains most  cases  very  naturally,  it  may  be  made  to  explain  free  central 
placentation  more  satisfactorily  than  parietal  placentation  can  be  explained 
on  the  other  hypothesis. 

227.  The  placentas  have  been  spoken  of  as  double,  on  account  of 
their  origin  ;  where  only  one  ovule  exists  in  a  cell,  it  is  assumed  that 
one  at  least  is  suppressed ;  and  this  other  is  not  unfrequently  deve- 
loped in  the  Cherry,  Almond,  &c.  (causing  the  double  kernels).  In 
Leguminosae  the  double  placental  base  is  so  narrow  that  the  ovules 
are  placed  one  over  another,  and  form  what  appears  like  a  single 
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line.  In  Larkspur,  Columbine,  &c.  there  is  a  distinct  double  row ; 
in  many  cases  each  placenta  has  a  double  row  of  ovules  ;  while  axile 
placentas  are  frequently  thickened  and  enlarged,  so  as  to  bear  a  large 
collection  of  ovules,  closely  packed.  In  Papaver  the  ovules  exist  all 
over  the  imperfect  septa ;  in  Nymplicea,  all  over  the  sides  of  the  dis- 
sepiments, and  not  at  ilie  margins  ;  in  Butomus,  all  over  the  inside 
of  the  carpels,  &c.  Where  ovules  arise  from  the  base  of  a  carpel, 
either  singly  or  in  larger  numbers,  the  placentation  is  called  basilar ; 
it  is  in  most  cases  a  slight  modification  of  free  central. 

228.  The  styles  require  no  particular  notice  beyond  the  statements 
already  made,  except  in  regard  to  their  irregular  position  in  some 
cases.  The  style  is  really  produced  from  the  apex  of  the  carpel ;  but 
in  various  Rosacese,  the  ovarian  part  of  the  structure  is  so  developed 
that  it  leaves  the  style  on  one  side  (lateral)  (Fragaria,  fig.  256),  and 
sometimes  even  grows  out  and  up  so  much  that  the  style,  then  called 
basilar,  seems  to  arise  from  the  base  (Alchemilla).  In  the  Boragi- 
nacete  and  Labiatae  a  similar  condition  of  the  styles  exists  in  a  com- 
pound pistil ;  the  styles  in  these  plants  are  confluent,  and  arise  as  a 
solitary  column  from  a  deep  depression  in  the  centre  of  the  4-lobed 
ovary,  communicating  with  the  cells  near  the  base  as  in  the  Hosacese 
referred  to.  These  styles  of  Labiatae  &c.  are  called  gynobasic 
(fig.  205). 


Fig.  257.  Fig.  258. 


Fig.  256.  Lateral  style  of  Fragaria. 
Fig.  257.  Pistil  of  a  Grass,  with  feathery  stigmas. 
Fig.  258.  Pistil  of  a  Grass,  with  peuicillate  stigmas. 
Fig.  259.  Stigmas  of  Crocus. 


229.  The  stigma  is  either  situated  at  the  end  of  the  style  or, 
where  this  structure  is  wanting,  it  is  sessile  on  the  ovary.  Instances 
of  sessile  stigmas  are  furnished  by  the  compound  pistils  of  Papav<  r  (fig. 
262),Nympha3acea3,  &c,  where  the  stigmas  form  radiating  ridges  on 
the  top  of  the  flattened  ovaries.  The  elongated  stigmatic  surfaces  on 
the  inner  sides  of  the  beak-like  points  of  the  simple  pistils  of  Ranun- 
culus and  allied  plants  are  almost  to  be  called  sessile  stigmas ;  and 
these  form  a  transition  to  the  long  stigmatic  ridges  which  extend  down 
the  inner  sides  of  the  styles  of  most  Caryophyllaccce.    When  it  is 
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properly  terminal  it  exhibits  a  great  variety  of  conditions,  both  as 
regards  composition  and  structure.  , 

It  has  been  stated  that  the  styles  of  compound  ovaries  are  often 
distinct;  the  stigmas  are  also  often  distinct  on  compound  styles,  in- 
dicating the  number  of  constituent  carpels.  Moreover  these  distinct 
stigmas  are  occasionally  split  down  into  two  arms  (stigmata  bicru- 
ria),  corresponding  to  the  two  placentas  below;  the  one-celled  ovary  of 
Grasses  and  Compositas  (fig.  264)  bears  a  two-armed  stigma  ;  and  the 
stigmas  of  the  compound  ovaries  of  Euphorbia  and  some  Droserce  are 
double  the  number  of  the.carpels.  Sometimes  the  distinct  arms  of 
different  carpels  cohere,  and  form  stigmas  equal  in  number  to  the 
^""placentas,  but  alternating  with  them. 


Fhr.  260. 


Fig.  261. 


Fig.  262. 


Fig.  2fi0.  Vertical  section  of  the  flower  of  Iris;  the  style  terminntpR  in  netnlnid  sfriirTpntiV  lnlips.  . 
Fig.  261.  Female  flower  of  Cueumie  sativus,  with  a  lobed  stigma. 
Fig.  262.  Ovary  of  Papaver,  with  radiate  sessile  stigmas. 

230.  Stigmas,  simple  or  compound,  when  distinct,  are  either  t£r- 
minal.  or  lateral :  in  the  latter  case  the  stigmatic  surface  is  on  the 
ventral  side.  Their  form  is  generally  slender  and  thread-like,  with 
a  glandular  stigmatic  surface ;  but  in  the  Grasses  the  stigmas  are 
feathery  (fig.  257)  or  penicillate  (fig.  258)  ;  in  the  Iridacese  they  are 
petaloid  (fig.  259),  very  much  enlarged,  as  in  Iris  (fig.  260) ;  and  in 
other  cases  they  are  capitate  (fig.  256),  lobed  (fig.  261), peltate,  radiate 
(fig.  262), filiform  (fig.  263),  linear  (fig.  264),  &c.  In  LeguminosEe  the 
stigmatic  surface  of  the  simple  stylo  is  lateral  (fig.  265). 

The  orifice  of  stigmas  leading  to  the  canal  of  the  style  is  more  or 
less  filled  by  the  glandular  and  capillary  processes  which  clothe  their 
surfaces ;  and,  indeed,  to  the  naked  eye,  the  canal  of  the  style  does  not 
appear  permeable. 
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231.  The  pistils  of  Gymnospermous  plants  consist  of  scales  or 
Fig.  263. 


Fig.  264. 


Fig.  26-5. 


Fig.  263.  Flower  of  Zuzula,  with  filiform  stigmas. 

Fig.  264.  Linear  stigmas  of  Composite  plant,  with  papillose  surfaces. 

Fig.  265.  Ovary  of  Colutea,  with  lateral  stigma. 

Fig.  266.  Open  carpel  of  Finns,  with  two  naked  ovules. 

open  carpels,  collected  into  cones,  bearing  exposed  ovules,  so  that  no 
representative  of  the  stylar  or  stigmatic  regions  exists 
here.  Among  the  Coniferae,  Pinus  and  its  allies  have 
scale-like  carpels  with  a  pair  of  ovules  on  the  upper  sur- 
face, at  the  base  (fig.  266) ;  the  structure  is  analogous, 
although  the  form  of  the  scale  differs,  in  Thuja;  the 
Cypress  has  peltate  scales,  with  numerous  ovules ;  in 
Juniperus  each  of  the  three  scales  has  only  one  (fig.  267). 
In  Taocus  the  ovule  is  a  solitary  structure,  a  kind  of  free  Yonng 
ovule,  growing  out  from  the  apex  of  a  small  cone  formed 
of  barren  scales.  In  the  Cycadaceas,  Gycas  has  large 
leaf-like  carpels,  with  numerous  marginal  ovules ;  Zamia 
has  peltate  scales,  more  like  Ovpressus,  with  the  ovules 
pendent  from  the  thickened  summit. 

By  some  authors  what  is  above  described  as  a  naked  ovule  is  thought 
to  be  an  ovary. 


female 
blossom  of  Ju- 
niperus, with 
the  front  carpel 
removed,  show- 
ing the  naked 
ovuleB. 


Sect.  10.  Products  of  the  Essential  Organs  of  Flowers. 

The  Ovule. 

232.  Ovules  are  the  rudiments  of  seeds,  and  arise  from  the  placen- 
tas, situated  in  the  ovaries  of  Angiospermous  plants  (figs.  253-255), 
and  on  the  margins  or  surface  of  the  open  carpels  of  Gymnospermia 
(figs.  266,  267).  They  originate  as  cellular  papilla?  at  an  early  stage 
of  development  of  the  ovary,  and  acquire  a  definite  form  and  structure 
by  the  time  the  flower  expands. 
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Ovules  are  usually  regarded  as  a  kind  of  bud;  not  only  do  they  appear 
in  the  positions  occupied  by  adventitious  buds  on  vegetative  leaves,  as 
in  JBri/ophi/llurn  (§  109),  but  abnormal  leaf-like  carpels  often  bear  bulb- 
like  structures  and  foliaceous  lobes,  in  place  of  the  ovules,  on  their  tree 
abortive-placental  margins. 

233.  The  number  of  ovules  in  an  ovary,  or  in  one  cell  of  a  com- 
pound ovary,  varies  between  wide  limits.  Thus  the  ovule  is  solitary 
in  the  simple  ovaries  of  Ranunculus,  Rosa,  Primus  (fig.  245),  &c,  in 
the  compound  ovaries  of  Polygonaceae  &c,  and  in  each  cell  of  the 
bilocular  ovaries  of  the  Umbclliferae  &c. ;  the  number  is  still  small 
and  definite  in  the  simple  pistils  of  many  Lcguxninosae,  in  the  cells  of 
the  compound  ovary  of  Quercus  &c. ;  in  a  very  large  proportion  of 
compound  ovaries,  whether  unilocular  or  multilocular,  the  ovules  are 
very  numerous  on  each  placental  surface,  and  they  are  termed  inde- 
finite, as  in  Primula,  Papaver,  Digitalis,  &c.  &c. 

234.  A  fully  developed  ovule  is  usually  attached  to  the  placenta 
by  a  short  stalk,  called  the  funicidus,  podosperm.  or  im^JjxaJkMxd 
where'  this  stalk  does  not  exist,  the  ovule  is  sessile ;  in  a  few  cases 
the  funiculus  is  very  much  elongated  (PlumbagmaceEe). 

235.  Special  terms  are  used  to  indicate  the  position  occupied  by 
ovules  in  the  ovary,  and  more  particularly  their  direction.  If  the 
placenta  is  at  the  base  of  the  ovary,  and  the  ovule,  springing  from 
that  situation,  points  upward,  as  in  Polygonaceae  and  Compositse,  it 
is  called  eygct ;  if  it  is  attached  at  the  summit,  and  hangs  straight 
down,  as  in  the  Birch,  Dipsacea3,  &c,  it  is  suspended :  when  the 
placenta  is  central  or  parietal,  the  ovule  may  turn  upwards  and  be 
.  ascending,  may  point  straight  outwards  or  inwards,  and  be  horizontal. 

or  may  turn  downwards,  and  be  penclidous.  In  Plumbaginaceae  the 
ovule  is  suspended  from  the  end  of  a  long  funiculus  which  arises 
from  the  base  of  the  ovary  as  in  the  erect  condition. 

Where  numerous  ovules  exist  on  a  central  placenta,  it  is  very  common 
to  find  the  upper  ones  ascending,  the  middle  horizontal,  and  the  lower 
pendulous,  so  that  the  direction  becomes  indefinite. 

236.  The  ovule  arises  from  the  placenta  as  a  conical  papilla,  which 
soon  becomes  elongated  into  an  oval  body,  the  nucleus,  raised  on  the 
stalk  or  funiculus.  By  the  time  the  flower  opens,  the  nucleus 
(figs.  268-270,  a)  generally  becomes  covered  up  by  the  coats  or  enve- 
lopes, which  originate  as  circular  ridges  from  the  point  where  the 
funiculus  is  attached,  and  gradually  grow  up  over  the  nucleus. 
The  coats  do  not  completely  close  in  the  ovule,  but  leave  an  opening 
at  its  summit,  called  the  microqyle,  or  foramen  (figs.  268-270,  6). 
The  base  of  the  nucleus,  where  the  coats  arise,  is  called  the  chalaza ; 
the  internal  coat_(the  secundine  of  Mirbel)  is  the  first  formed ;  it  is 
denominated  the  integumentum  internum,  or  the  tegmen ;  where  only 
one  coat  exists,  it  is  called  the  integumentum  simplex.    The  outer 
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coat,  which  grows  up  after  the  inner  (the  primine  of  Mirbel),  is 
called  the  integumentum  externum,  or  sometimes  the  testa.  ^Some- 
Fig.  268.  Fig.  269.  Fig.  270. 


Diagrammatic  vertical  sections  of  ovules:  a,  the  nucleus;  6,  the  micropyle;  e,  chalaza; 

d,  raphe. 

Fig.  26S.  An  atropous  or  orthotropous  ovule. 
Fig.  269.  An  anatropous  ovule.  Fig.  270.  A  campylotropous  ovule. 

times,  as  in  Welwitschia,  the  primine  is  prolonged  beyond  the  apex 
of  the  ovule  in  the  form  of  a  tube  greatly  resembling  a  style/^  The 
orifice  named  the  micropyle  forms  a  canal  passing  through  both  coats 
down  to  the  point  of  the  nucleus ;  and  the  portions  passing  through 
the  outer  and  inner  integuments  are  often  called,  respectively,  the 
exastome  and  endostome.  The  point  where  the  seed  afterwards 
breaks  away  from  the  funiculus  is  marked  by  a  scar,  which  is  called 
the  Jdlum. 

In  the  Mistletoe  the  nucleus  is  naked,  no  coats  being  formed ;  in  many 
cases  there  is  only  one  coat ;  most  ovules  of  Monocotyledons  have  two. 

Sie  coats  of  the  ovule  .are  usually  regarded  as  foliar  in  their  nature,  the 
eus  as  axial. 

237.  The  above  is  a  description  of  the  ovule  of  what  may  be  called 
the  normal  form,  such  as  we  find  in  Polygonum,  &c. :  where  the 
nucleus  is  straight  and  the  micropyle  is  at  the  end  opposite  the 
attachment  of  the  funiculus,  and  the  chalaza  next  the  placenta, 
such  an  ovule  is  called  straight,  or  more  technically  atropous  or 
orthotropous  (fig.  268). 

238.  Very  frequently  the  funiculus  grows,  in  a  state  of  confluence 
with  the  outer  integument,  during  the  development  of  the  ovule,  so  as 
to  push  up  the  base  of  the  nucleus  until  it  is  completely  inverted 
(fig.  269),  and  the  micropyle  (h)  points  to  the  placenta,  while  the 
chalaza  (c)  is  at  the  opposite  end ;  this  is  the  inverted  or  rn^tfronous 
condition  (Composite,  Papavcracea?,  Liliacere,  Orchidacese,  &c.  &c.) ; 
and  as  the  funiculus  is  confluent  with  the  outer  coat,  the  hihim  (the 
external  point  of  junction  of  the  funiculus  wath  the  body  of  the  ovule) 
is  left  in  its  original  position,  and  therefore  close  beside  the  inverted 
micropyle  :  the  adherent  portion  of  the  funiculus  often  forms  a  kind 
of  ridge  extending  from  the  hilum  to  tho  chalaza ;  this  is  termed  the 
raphe  (fig.  269,  d). 
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The  inverted  ovule  is  only  a  straight  ovule  with  a  long  funiculus  con- 
fluent with  the  outer  coat:  in  Fumana  (Cistaceae)  the  real  condition 
often  actually  illustrates  this ;  and  in  seeds  formed  from  anatropous  ovules 
the  raphe  sometimes  separates  (Zygophyllum).  The  position  ot  the  raphe 
with  reference  to  the  ovule  varies  in  different  cases;  sometimes  it  is  ven- 
tral or  on  the  side  of  the  ovule  nearest  to  the  placenta,  sometimes  dorsal, 
at  other  times  lateral. 

239.  A  curved  or  campylotropoiis.  ovule  (fig.  270)  is  formed  by 
the  folding  over  of  the  nucleus  uponitself  in  the  form  of  the  letter  U, 
carrying  the  micropyle  (6)  over,  but  leaving  the chalaza'va.  its  natural 
vicinity  to  the  hilum.  Externally  this  ovule  resembles  the  anatro- 
pous, except  that  there  is  no  raphe  (Cruciferse,  Caryophyllapeae,  &c). 

240.  Another  condition  more  rarely  met  with  is  the  horizontal  or 
amphitropous  ovule,  intermediate  between  straight  and  inverted,  the 
adherent  funiculus  pushing  up  the  chalaza  at  one  end,  while  the 
micropyle  descends  in  a  corresponding  degree,  until  the  axis  of  the 
ovule  becomes  horizontal,  and  parallel  with  instead  of  at  right  angles 
to  the  placenta. 

In  the  first  instance  all  ovules  are  straight,  but  mostly  become  curved 
during  the  course  of  their  development. 

241.  At  the  time  when  the  flower  expands,  there  exists  a  more  or 
less  considerable  sac  or  cavity  excavated  in  the  substance  of  the 
nucleus,  the  upper  end  of  which  sac  is  situated  just  within  the  apex. 
This  cavity  is  called  the  embryo-sac,  being  really  a  sac  or  bag  with 
a  proper  wall,  within  which  the  embryo  or  rudiment  of  the  future 
plant  is  developed  after  fecundation. 

The  phenomena  of  fecundation  and  of  the  early  development  of  the 
embryo,  together  with  the  minutiae  of  the  anatomy  of  ovules,  are  reserved 
for  the  Physiological  part  of  this  work. 

The  further  morphological  peculiarities  of  the  ovular  structures  will 
fall  best  under  the  head  of  the  seed  or  completed  product,  previously  to 
examining  which  we  must  follow  out  the  ultimate  history  of  the  pistils 
and  associated  organs  forming  ike  fruit,  in  which  the  ripe  seeds  are  found. 


The  Fruit. 

242.  The  fertilization  of  the  ovules  usually  takes  place  soon  after 
the  opening  of  the  flowers,  or  sometimes  even  before  their  expansion. 
During  the  subsequent  changes  by  which  the  ovules  are  converted 
into  seeds,  the  ovary  (and  occasionally  other  parts  of  the  flower) 
undergoes  further  development,  and  becomes  what  is  technically 
called  the  fruit. 

Generally  the  stamens  and  corolla,  and  not  uncommonly  the  calyx  also, 
fall  away  or  wither  up  after  fertilization,  and  the  styles,  with  the  stigmas, 
mostly  disappear ;  but  the  style  sometimes  persists,  and  even  undergoes 
enlargement,  forming  a  kind  of  beak  or  tail  to  the  fruit,  especially  in  simple 
muts  formed  of  one  carpel  {Ranunculus,  Clematis,  Geum,  fig.  285),  &c. 
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The  calyx,  when  inferior,  remains  in  many  cases  as  a  loose  cup  or  enve- 
lope surrounding  the  fruit  (as  in  Labiataj,  many  Solanacea3,  fig.  291,  &c.)  ; 
or,  when  superior,  its  segments,  enlarged  or  withered,  form  a  kind  of  crown 
to  the  fruit  (Composita?,  Campanulaceae,  &c),  and  the  tubes  of  adherent 
calyces  always  enter  into  the  composition  of  the  inferior  fruits  (figs.  296- 
303).  In  some  cases  the  calyx  and  the  corolla,  in  other  cases  the 
receptacle,  hecome  blended  with  the  ovary  or  ovaries  to  form  the  fruit ; 
and  a  still  more  complex  kind  of  fruit  is  formed  by  all  the  flowers  of  an 
inflorescence  becoming  conjoined  into  a  common  structure  during  the 
ripening  of  the  seed,  so  as  to  form  a  collective  fruit,  such  as  occurs  in  the 
Pine-apple  (fig.  307),  Mulberry  (fig.  306),  Bread-fruit,  the  Fig  (fig.  305), 
cones  of  Firs,  &c. 

Considered  as  developments  of  the  carpels  alone,  many  fruits  in  their 
mature  condition  depart  widely  in  appearance  from  the  ovaries  from 
which  they  are  produced,  the  morphology  of  fruits  exhibiting  perhaps 
more  remarkable  cases  of  actual  metamorphosis  than  any  other  parts  of 
plants.  Hence  it  is  often  difficult  to  judge  from  a  fruit  what  kind  of 
pistil  the  flower  has  possessed,  and  the  structure  of  fruits  can  only  be 
understood  by  a  study  of  their  progressive  development  from  the  imma- 
ture to  the  mature  condition. 

The  most  important  source  of  change  is  the  suppression  of  chambers  or 
loculi  of  the  ovary,  together  with  the  abortion  of  ovules.  Thus  the  flower 
of  the  Birch  has  a  two-celled  ovary  with  one  ovule  in  each  cell ;  but  one 
cell  with  its  ovule  is  constantly  abortive  and  almost  entirely  disappears  in 
the  fruit.  In  the  female  flower  of  the  Oak  there  are  three  cells,  each  with 
two  ovules  (fig.  271)  ;  but  only  one  cell  is  found  in  the  ripe  fruit,  and  this 
is  filled  by  one  solitary  remaining  seed,  as  we  find  in  the  Acorn.  In  the 
Lime  there  are  several  cells  in  the  ovary,  but  generally  all  but  one  are  obli- 
terated in  the  fruit  (fig.  272) ;  and  similar  cases  are  by  no  means  uncommon. 
In  these  cases  the  dissepiments,  called  in  the  fruit  septa,  are  not  broken 
down,  but  pushed  to  one  side  and.  obliterated  by  the  pressure  exercised  by 
the  developed  seed. 

On  the  other  hand  spurious  partitions  are  sometimes  formed,  as  in 
Datura  Stramonium,  which  has  a  four-celled  fruit  derived  from  a  two- 
celled  ovary ;  and  in  the  pods  of  Leguminoste  cross  partitions  are  often 
produced  between  the  seeds. 

The  original  conditions  are  frequently  still  further  disfigured  by  the 
alterations  in  the  texture  of  the  coverings  of  the  fruit,  next  to  be  described. 


Fig.  271.  Fig.  272. 


Fie.  271.  Female  (lower  of  the  Onk:  a,  vertical  Bcction ;  ft,  cross  section. 
Fig.  272.  Fruit  of  the  Lime  (Ti/ia):  «,  entire;  b,  cross  section. 
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243  The  « wall "  of  the  fruit  is  the  substance  formed  from  the 
carpels,  or  (when  present)  from  the  other  component  structures 
(S  242).  It  constitutes  the  case  enclosing  the  ripe  seed  or  seeds, 
and  is  called  the  pericarp.  The  pericarp  is  of  very  different  structure 
in  different  fruits^  When  the  fruit  ismature  it  m^v  be  drf,  mem- 
branous, leatherxf(ctoru\hbus),  or  tWJSy;  or  slimfent;  or  succulent 
externally  and  woody  within,  or,  vice  versa,  succulent  internally  and 
woody  or  leathery  outside. 

The  pods  of  common  Peas,  the  capsules  of  Pinks,  Poppies,  &c,  afford 
examples  of  a  dry  membranous  pericarp ;  the  Flags  have  a  leathery  peri- 
carp ;  the  common  Hazel-nut,  Acom,  capsules  of  the  Mahogany-tree,  &c. 
have  a  woody  pericarp.  The  pericarps  of  the  Grape  and  the  Gooseberry 
are  succulent.  The  Plum,  Cherry,  &c.  are  succulent  externally  and  woody 
within ;  the  Orange,  the  Pomegranate,  the  Pumpkin,  &c.  are  succulent 
within  and  leathery  or  homy  outside. 

244.  When  the  pericarp  is  uniformly  membranous  or  woody,  with- 
out distinction  of  layers,  no  subdivisional  terms  are  applied  to  it. 
The  same  holds  good  in  respect  to  the  simple  succulent  pericarp  of 
such  fruits  as  the  Grape  and  Gooseberry.  When  there  is  a  distinction 
into  layers,  formed  by  a  gradual  alteration  of  the  texture  of  the  inner 
and  outer  parts  during  maturation,  we  distinguish  between  an  epi- 
carp and  an  endocarp,  as,  for  example,  in  the  Plum,  Cherry,  Walnut, 
&c,  where  there  is  a  succulent  epicarp,  and  a  woody  endocarp  forming 
the  "stone;"  the  "core"  of  the  Apple  is  a  membranous  endocarp. 
When  a  fruit,  such  as  the  Orange,  Pomegranate,  Litchi,  &c,  is  firm 
externally,  with  a  leathery  or  woody  epicarp,  and  a  succulent  endo- 
carp, the  latter  is  generally  derived  from  development  from  the  pla- 
cental regions.  In  common  "  stone-fruits"  the  two  regions  are  often 
distinguished  by  the  names  sarcocarp  (or  pulp)  and  putamen.  In 
the  Date  (fig.  280)  the  "  stone "  consists  of  the  albuminous  seed, 
which  is  invested  by  a  succulent  pericarp.  In  other  Palms,  such  as 
Areca,  the  pericarp  is  fibrous.  In  hard-rinded  succulent  fruits  we 
have  an  internal  sarcocarp  enclosed  by  a  cortex  or  rind. 

Many  authors,  following  DeCandolle,  divide  the  pericarp  into  epicarp, 
mesocarp,  and  endocarp.  It  may  be  observed  here  that  the  distinction 
between  endocarp  and  epicarp,  in  the  common  stone-fruits,  arises  entirely 
during  the  ripening  of  the  fruit ;  the  two  regions  are  originally  alike  and 
undistinguishable  ;  it  is  well  known  that  the  easy  separation  of  the  pulp 
from  the  stone  is  a  sign  of  ripeness. 

245.  Some  fruits,  more  particularly  the  succulent  kinds,  but  also 
many  dry  fruits,  do  not  burst  to  discharge  their  seed  or  seeds  when 
ripe;  these  are  called  indehiscent  fruits.  The  pericarp  rots  away,  or 
is  broken  irregularly  or  perforated  when  the  seed  germinates.  Most 
dry  fruits,  more  particularly  those  formed  of  moro  than  one  carpel, 
burst  open  or  separate  into  pieces  in  a  regular  manner  when  mature, 
and  are  consequently  dehiscent. 
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246.  Dehiscence  takes  place  generally  by  the  separation  or  splitting 
of  the  sutures  of  the  carpels  in  a  vertical  direction,  or  by  the  disunion 
of  coherent  carpels,  or  by  both  together.  The  parts  which  separate 
in  this  way  arc  called  valves ;  and  this  mode  of  bursting  is  termed 
suturaPoT  valvular  dehiscence.  Sometimes  the  valves  only  separate 
for  a  certain  distance  from  the  summit,  forming  little  segments  or 
teeth  (fig.  273).    In  a  few  cases  the  dehiscence  is  porous,  or  by 


Fig.  273.  Fig.  274.  Fig.  275. 


Fig.  273.  Burst  capsule  of  Cerastium. 

Fig.  274.  Capsule  of  AnagalHs,  opening  by  circumscissile  dehiscence. 
Fig.  275.  Burst  fruit  of  Illicium  (Star  Anise). 


pores  or  orifices  formed  in  the  walls ;  in  others  the  upper  end  of 
the  fruit  falls  off  like  a  lid,  by  transverse  or  circumscissile  dehiscence 
(fig.  274). 

247.  When  the  dehiscence  is  valvular  the  fruit  is  named  bi-,  tri-, 
multivalvular  according  to  the  number  of  valves  or  pieces  into  which 
it  splits.  This  mode  of  dehiscence  is  subject  to  several  modifications, 
according  as  the  splitting  takes  place  through  the  dorsal  or  through 
the  ventral  suture,  or  through  both  at  the  same  time.  "It  is  still 
further  complicated  by  the  circumstance  that  the  placentas  sometimes 
remain  attached  to  the  valves,  while  at  other  times  they  break  away 
from  the  valves,  as  in  the  condition  called  septifrayal. 

A  few  examples  may  be  here  given  of  the  various  modes  in  which 
valvular  dehiscence  is  effected ;  and  the  student  will  find  the  subject  far 
more  readily  intelligible  if  he  refer  to  some  collection  of  seed-vessels  where 
the  fruits  are  correctly  named.  In  the  case  of  simple  or  of  apocarpous 
fruits,  valvular  dehiscence  takes  place :— a,  through  the  ventral  suture,  as 
in  the  Columbine  (Aquilegia),  the  Star  Anise  {Illicium,  fig.  275) ;  or,  /3, 
through  the  dorsal  suture,  as  in  Magnolia ;  or,  y,  through  both  sutures  at 
the  same  time,  as  in  the  pod  of  the  pea  and  other  Leguminous  plants  (fig. 
282).    In  this  latter  case  there  are  two  valves,  but  only  a  single  carpel. 

In  one-celled  syncarpous  fruits,  where  the  component  carpels  cohere  by 
their  edges  which  are  not  infolded,  dehiscence  takes  place :— a,  through  the 
ventral  sutures,  when  the  placentas  are  found  on  the  margins  of  the  valves, 
as  in  Gentians,  each  valve  in  this  case  representing  a  carpel ;  /3,  through 
the  dorsal  sutures,  when  the  placentas  will  be  found  in  the  middle  of  the 
valves,  as  in  the  Violet  (  Viola).  In  such  fruits  each  valve  consists  of  two 
half-carpels  combined  together.   In  the  Orchidaceoe  the  capsules  dehisce 
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in  the  manner  last  described,  with  this  further  peculiarity— that  the  valves 
bearing  the  placentas  in  the  middle,  separate  from  the  midribs  or  doisal 
sutures,  leaving  these  latter  attached  together  at  the  top,  and  thus  forming 
an  open  framework  supporting  the  remains  of  the  perianth. 

In  many-celled  syncarpous  fruits,  where  the  sides  and  margins  of  the 
component  carpels  are  infolded,  dehiscence  taken  place:— a,  loculicidaUy, 
through  the  dorsal  suture,  so  as  to  open  the  loculus  or  cavity  oi  the  carpel 
from  behind  :  each  valve  in  this  case  represents  two  halt  carpels  (rigs.  Alt, 
278) ;  or,  0,  septididally ,  through  the  septa,  so  as  to  isolate  the  previously 


Fig.  276. 


Fig.  277. 


Fig.  278. 


Fig.  276.  Eipe  fruit  of  Geranium,  the  tailed  cocci  separating  elastically  from  the  carpophore. 
Fig.  277.  Burst  capsule  of  Iris,  with  loculicidal  dehiscence  and  septicidal  separation  of  the 

placentas  at  the  sutures. 
Fig.  278.  The  same  in  cross  section. 

combined  carpels  (fig.  276).  Each  valve  in  this  case  represents  an  entire 
carpel.  In  some  instances,  as  in  Umbelliferce,  Bedstraw,  Galium,  &c,  the 
carpels  merely  separate  in  this  manner,  one  from  the  other,  without  opening. 
In  such  a  case  the  term  schizocarp  is  employed  to  designate  the  whole 
fruit,  while  its  constituent  carpels  are  called  cocci,  or  sometimes  mericarps. 
More  frequently  the  carpels  not  only  separate  septicidally  from  their 
fellows,  but  each  one  bursts,  either  through  the  dorsal  suture,  as  in  Gera- 
nium (fig.  276),  Euphorbia,  or  through  the  ventral  suture,  as  in  Colchicum. 

Thus  septicidal  and  loculicidal  dehiscence  may  occur  in  the  same  fruit, 
as  in  the  Foxglove  (Digitalis),  the  capsule  of  which  first  divides  into  its  con- 
stituent carpels  septicidally,  and  afterwards  each  carpel  splits  loculicidaUy 
into  two  valves ;  the  four  valves  so  produced  represent  each  a  half-carpel. 

Both  the  loculicidal  and  septicidal  modes  of  dehiscence  are  sometimes 
associated  with  what  is  termed  septifragal  dehiscence.  This  occurs  when 
the  septa  or  partitions  bearing  the  placentas  are  broken  across  ;  the  effect 
of  this  is  that  the  valves  break  away  from  the  placentas,  leaving  part  or 
the  whole  of  the  latter  standing  in  the  centre  of  the  fruit  on  a  kind  of 
column,  as  in  Andromeda,  Convolvulus,  Rhododendron.  &c.  Septifrar/al 
dehiscence  takes  place  by  itself  in  the  siliques  or  pods  of  Cruciferre,  where 
the  valves  separate  from  the  parietal  placentas,  leaving  them  in  the  centre 
supporting  the  ovules  (figs.  292  &  293). 

248.  Dehiscence  by  teeth  only  differs  from  that  by  valves  in  the  smaller 
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degree  of  separation.  The  fruits  or  seed-vessels  of  Caryophyllaceaj 
dehisce  by  teeth.  Sometimes  the  teeth  are  equal  in  number  to  the 
carpels,  as  when  the  dehiscence  is  through  the  ventral  sutures  only 
(Lychms)  ;  sometimes  double  the  number  of  the  carpels,  when  the 
splitting  takes  place  through  both  sutures  (Dianthus). 

249.  Porous  dehiscence  arises  from  the  formation  of  orifices  in 
the  walls  of  a  dry  capsule,  allowing  the  seeds  to  escape.  In  the 
Poppy  (Papaver)  a  circle  of  pores  is  formed  round  the  upper  edge  of 
the  fruit,  just  beneath  the  stigma ;  in  Antirrhinum  and  Linaria  there 
are  two  or  three  orifices  near  the  summit  of  the  capsule ;  in  some 
Campanulas  a  pore  is  formed  at  the  base  of  each  cell. 

In  all  these  cases  the  orifices  are  formed  from  thin  spots  in  the  walls, 
which  tear  open,  their  edges  curling  back  in  more  or  less  regular  teeth : 
the  dehiscence  of  Antirrhinum  is  connected  by  that  of  Scrophidaria,  Dir/i- 
talis,  Sec,  with  the  dehiscence  into  a  crown  of  teeth  as  in  Primula  and 
Caryophyllaceae. 

250.  Transverse,  or  circumscissile  dehiscence,  observed  in  the  mem- 
branous capsules  of  Hyoscyamus  (fig.  291),  Anagallis  (fig.  274), 
Plantago,  &c,  and  in  the  woody  fruits  of  Lecythis,  arises  from  a 
transverse  fissure  running  round  the  wall  and  splitting  off  the  upper 
part  of  the  fruit  like  a  lid. 

A  dehiscence  analogous  to  this  occurs  in  the  lomenta  of  various 
Leguminosse,  which  break  across  between  the  seeds. 

In  these  cases  a  kind  of  articulation  is  produced,  by  the  tissue  of  the 
pericarp  remaining  more  delicate  in  the  line  of  dehiscence,  so  that  it 
becomes  torn  by  the  hygronietric  contraction  or  expansion  of  the  firmer 
parts  above  and  below,  after  the  fruit  has  become  mature. 

251.  The  apex  of  dry  fruits  is  marked  by  the  position  of  the  style 
itself  when  persistent  (fig.  285  b),  or  by  a  scar  indicating  the  place  of 
separation.  The  axis  of  a  compound  fruit  is  commonly  an  imaginary 
line ;  but  in  Umbelliferae  (fig.  301)  and  Geraniacese  (fig.  276)  the 
carpophore  forms  a  true  axis,  from  which  the  carpels  separate  in 
dehiscence. 

252.  Dehiscence  does  not  usually  take  place  until  the  seeds  are 
ripe ;  but  in  Mignonette  the  upper  end  of  the  ovary  opens  long  before  ; 
in  Leontice  thalictroides  the  ovary  bursts  very  early,  and  the  seed 
ripens  in  a  naked  condition.  In  Impatiens  and  some  other  plants 
dehiscence  takes  place  suddenly  with  considerable  force,  the  valves 
separating  and  rapidly  curling  up.  In  Elaterktm  the  peduncle 
separates  in  a  similar  sudden  way  from  the  ripe  fruit,  and  the  seeds 
are  forcibly  ejected. 

253.  In  Gymnosperms  there  is  of  course  no  proper  dehiscence :  but 
in  most  cases  the  carpellary  scales  of  the  female  cones,  which  are 
separate  to  some  extent  during  fertilization,  frequently  close  up 
together  .so  as  to  form  an  apparently  solid  body  while  the  seeds  are 
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ripening,  as  in  Pirns,  Cupressus,  Thuja,  &c.  The  scales  open  again 
when  the  seeds  are  ripe,  and  in  some  cases  separate  from  the  axis. 
In  Juniperus  the  scales  become  succulent,  so  as  to  form  a  berry- 
like organ.  In  Taxus  the  solitary  oyule  is  always  naked ;  and  during 
the  ripening  of  the  seed  a  succulent  cup-like  envelope  grows  up 
round  it.  ,  . 

254.  The  forms  of  perfect  fruit  are  distinguished  by  technical 
names,  and  in  defining  them  it  is  desirable  to  classify  them  in  some 
way.  The  classification  which  conveys  the  greatest  amount  of  in- 
formation is  that  founded  primarily  on  the  construction  of  fruits. 

The  multitude  of  names  which  have  been  invented,  the  vague  manner 
in  which  many  of  these  have  been  used,  added  to  the  not  unfrequent 
polymorphism  of  fruits  within  the  limits  of  single  Natural  Orders,  render 
a  satisfactory  classification  of  fruits  almost  impossible  without  naming 
them  all  afresh,  and  defining  them  according  to  their  mode  of  develop- 
ment as  well  as  their  perfect  condition ;  and  this,  after  all,  would  neces- 
sitate a  terminology  too  cumbrous  for  use  in  Descriptive  Botany,  for  which 
the  names  and  definitions  are  chiefly  required. 

255.  Fruits  may  be  divided  first  into  free  or  monotlialamic  fruits, 
formed  from  single  flowers,  and  confluent  fruits,  formed  of  the  blended 
flowers  of  an  inflorescence.  The  term  polythalamic  has  been  con- 
veniently applied  to  fruits  of  this  latter  kind. 

Free  fruits  maybe  divided  into  : — 1.  Apocarpous  fruits,  where  the 
constituent  carpels  are  separate,  forming  (a)  simple  fruits  when  the 
carpel  is  solitary,  (b)  multiple  fruits  when  more  than  one  is  found  on 
the  same  receptacle;  2.  Syncarpous  fruits,  formed  of  compound 
ovaries,  and  consisting  of  (a)  superior  fruits  when  the  calyx  is  free, 
and  (b)  inferior  fruits  when  the  tube  of  the  receptacle  or  of  the  calyx 
is  adherent. 

Confluent  fruits  require  no  corresponding  subdivision . 

Almost  all  of  the  above  groups  are  again  divisible  into  dry  and  succu- 
lent kinds ;  this  diversity  is  so  special,  occurring  between  nearly  allied 
genera  in  the  same  Natural  Orders,  that  it  seems  unadvisable  to  make  it 
a  basis  for,  any  of  the  main  sections.  Modes  of  dehiscence  and  absence  of 
dehiscence  characterize  subordinate  lands  of  dry  fruits. 

256.  The  following  classification  is  a  slightly  modified  form  of 
that  established  by  Dr.  Lindley.  In  it  all  or  nearly  all  the  forms 
described  by  various  authors  are  enumerated,  but  comparatively  few 
are  in  general  use.  Some  of  these  will  be  found  more  fully  desoribed 
in  subsequent  paragraphs : — 
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Classification  ov  Fruits. 
A.  Free  or  Monothalamic  Fruits. 
I.  Apocarpous,  composed  of  distinct  simple  carpels. 

*  Simple  monocarpous  fruits  (formed  from  solitary  carpels), 
f  Pericarp  formed  from  the  ovary  alone. 
X  Pericarp  uniform. 
||  One-  or  few-seeded. 

Pericarp  horny  and  indehiscent  .  Achcenium. 
Pericarp  membranous,  sometimes 

dehiscent  Utrieulus. 

\\\\  Many-seeded. 

Dehiscent  by  the  ventral  suture  .  Follieulus. 
Dehiscent  by  both  sutures  .    .    .  Leyumen. 
Indehiscent  or  articulated  trans- 
versely  Lomentum. 

XX  Pericarp  of  two  or  more  layers. 

Epicarp  fleshy,  endocarp  bony     .  Drupa. 
ft  Pericarp  formed  from  the  ovary  and  ad- 
herent floral  envelopes. 

Dry,  indehiscent  Diclesium. 

Fleshy  Sphalerocarpium 

**  Multiple  or  polycarpous  fruits,  formed  of 
an  assemblage  of  distinct  carpels, 
f  Free. 

Pericarps  distinct,  dry  (aclicenia)  or 

fleshy  {drupes)  Etcerio. 

Pericarps  ultimately  more  or  less  cohe- 
rent  Syncarpium. 

ft  Enclosed  in  a  cup-like  fleshy  receptacle.  Cynarrhodum. 

II.  Syncarpous,  composed  of  combined  carpels. 
*  Superior.  1 
f  Pericarp  dry. 

+  Indehiscent. 

One-celled,  one-seeded,  pericarp 

adherent  to  the  seed .    .    .    •  Caryopsis. 
One-  or  many-celled,  winged, peri- 
carp not  adherent  to  the  seed 
or  seeds  Samara. 
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XX  Dehiscent. 


©  Separating  into  indehiscent  cocci    .  Garcerulus. 
effi  Separating  into  dehiscent  cocci    .  Bec/ma. 
©a®  Separating  into  two  pseudo-fol- 
licles  Conceptaculum. 

©eee  Dehiscence  transverse    .    .    .  Pyxis. 
effieee  Dehiscence  valvular  or  porous. 
©  Placentas  parietal  in  a  two-celled 
ovary. 

Linear  Siliqua. 

Short  and  broad  Silicula. 

©0  Placentas  axile  in  two-  or 
many-celled  ovaries,  free 
central  or  parietal  in  1-celled 

ovaries  Capsula. 

ft  Pericarp  fleshy,  indehiscent. 

X  Pericarp  uniform  Nuculanium. 

XX  Pericarp  of  two  or  more  layers. 

Epicarp  coriaceous  or  woody,  endo- 

carp  fleshy  AmpJiisarca. 

Epicarp  fleshy,  forming  a  spongy 

rind ;  endocarp  pulpy.    .    .    .  Hesperidium. 

**  Inferior. 

t  Pericarp  dry. 

X  One-celled  by  suppression,  indehiscent, 

within  a  cupulate  involucre  .    .    .  Olans. 
XX  Genuinely  one-celled  and  one-seeded, 

often  with  a  pappus  Cypsela. 


+++ 
+++ 


Two-  or  many-celled. 


++ 


Separating  into  indehiscent  cocci .  Cremocarpium. 
Dehiscing  by  valves  or  pores  .    .  Diphtegia. 
ft  Pericarp  fleshy,  at  least  within. 

+  Pericarp  simple,  seeds  more  or  less  free 

in  the  pulp  Bacca. 

+X  Pericarp  of  two  or  more  layers. 
©  Epicarp  fleshy,  endocarp  parchment- 
like or  bony,  indehiscent    .    .  Pomum. 
©©  Epicarp  fleshy  or  fibrous,  endocarp 

bony,  dehiscent  Tryma. 

ffi©ffi  Epicarp  horny  or  crustaceous, 
endocarp  fleshy. 
One-celled,  seeds  on  pulpy  parietal 

placentas  Pepo. 

Many-celled,  seeds  with  a  pulpy 

coat  Balausta.  ■ 
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B.  Potythalamic  or  Confluent  Fruits. 

I.  Angiospermous,  formed  of  closed  ovaries. 
Pericarps  of  the  constituent  flowers  hard,  im- 
bedded in  the  fleshy  axis  of  the  inflorescence. 

Pericarps  of  the  constituent  flowers  succulent 
and  confluent  with  each  other  and  some- 
times with  the  axis  of  inflorescence  .    .  . 

II.  Gymnospermotjs,  formed  of  open  carpels. 
Constituent  carpels  scale-like,  imbricated  in  a 

conical  group  Strobilus. 

Constituent  carpels  peltate  and  forming  a 

globular  head  .  Galbulus. 

The  above  classification  is  far  from  satisfactory:  for  students'  pur- 
poses it  is  too  complicated ;  and,  moreover,  in  practice  the  majority  of  de- 
scriptive botanists,  finding  it  next  to  impossible  accurately  to  classify  all 
the  varieties  of  fruit  they  meet  with,  content  themselves  with  the  em- 
ployment of  a  few  well -understood  terms  applied  more  generally  than  is 
the  case  in  the  foregoing  scheme.  In  the  following  paragraphs  those 
terms  which  are  in  most  frequent  use  are  printed  in  larger  type,  those  not 
in  general  use  are  in  smaller  type.  The  student  with  a  ripe  fruit  before 
him  is  mainly  concerned  with  the  fruit  in  its  existing  condition;  an 
arrangement  founded  on  the  peculiarities  of  the  transitional  stages  be- 
tween the  immature  pistil  and  the  ripe  fruit  is  necessarily  embarrassing  to 
him,  since,  as  a  rule,  he  has  only  limited  means  of  ascertaining  for  himself 
the  course  of  development.  This,  however,  may  to  a  great  extent  be 
understood  from  a  mere  comparison  of  the  pistil  with  the  ripe  fruit. 


Syconus. 
Sorosis. 


Simple  Fruits. 

257.  The  Achqmium  is  a  small,  dry,  indehiscent,  one-seeded  peri- 
carp, tipped  witRHhp  remains  of  the  style,  and  with  the  seed  free  in 
the  interior,  except  at  the  point  of  attachment. 

This  fruit  is  rarely  found  solitary,  as  in  Alchemilla ;  it  usually  forms 

Fig.  280. 


Fig.  279. 


Fisr.  281. 


Fie.  279.  Achaminm  of  Eawukeufou  cut  vertically  to  show  the  seed. 

Fig.  280.  Section  of  the  drupe  of  the  Date  (Phwm*  dactyhfera):  e,  the  pericarp,  x,  the 

embryo  imbedded  in  the  horny  albumen. 
Fig.  281.  Circle  of  follicles  of  Sempervioum. 
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part  of  a  multiple  fruit,  as  in  Ranunculus,  Clematis,  Geum  (fig.  285), 
&c.  Achrenia  are  popularly  mistaken  for  seeds,  from  which  they  may 
be  known  by  the  stylar  beak,  and  by  the  seed  lying  loosemside. 

The  terni  achamiuin  is  often  applied  to  the  halves  of  Umbelliferous 
fruits,  the  cocci  of  Mallows,  the  nucules  or  nuts  of  Labiata?,  &c.  (the  car- 
cerule  of  some  authors)  (fig.  290),  and  to  the  "cypselse  "  of  Compositse. 

258.  The  Utriculus.— This  differs  from  the  achamium  chiefly  in  the 
membranous  character  of  the  pericarp,  and  in  dehiscing  sometimes  by  a 
transverse  slit ;  it  is  found  in  Chenopodium,  Amaranthus,  &c. 

259.  The  Diclesium  only  differs  from  the  utriculus  in  having  the  indu- 
rated perianth  adherent  to  the  carpel,  and  forming  part  of  the  shell  (Mi- 
rabilis,  Salsola). 

260.  The  Sphalerocarpium  resembles  the  preceding  in  structure ;  but  the 
complex  pericarp  is  fleshy,  forming  a  berry-like  body  (Hippophae,  Bli- 
tum).    For  practical  purposes  this  is  best  classed  as  a  berry. 

261.  The  Drupe  is  a  one- celled  fleshy  fruit,  represented  by  stone- 
fruits  formed  from  a  single  pistil,  such  as  the  Cherry,  where  the 
stone  is  formed  by  the  inner  part  of  the  pericarp,  and  the  pulp  by  the 
outer  part. 

In  common  stone-fruits  the  drupe  is  solitary ;  but  minute  drupes  formed 
on  the  same  plan  are  assembled  together  on  the  receptacle  in  the  etaario  of 
the  Raspberry  and  Blackberry  (fig.  286).  The  term  drupe  is  often  im- 
properly applied  to  the  compound  stone-fruits,  like  the  Cocoa-nut  &c, — 
or  to  the  Date,  where  the  stone  is  formed  by  the  seed  alone,  and  the 
pulp  by  the  pericarp  (fig.  280). 

262.  The  Follicle  is  a  simple  pod,  splitting  down  the  ventral  suture, 
and  bearing  the  numerous  ovules  on  its  margins. 

This  rarely  occurs  solitary,  but  mostly  combined  with  others  in  a  circle, 
as  in  Aquilegia,  Pceonia,  Sempervivum  (fig.  281),  &c. ;  and  they  are  then  often 
coherent  at  the  base,  so  as  to  form  a  transition  to  the  syncarpium.  The 
pair  of  follicles  (conceptacula)  of  Asclepiadaceas  have  their  placentas  de- 
tached when  they  dehisce,  so  as  to  set  the  seeds  free. 

263.  The  Legume  is  a  one-  or  many-seeded  simple  fruit,  usually 
splitting  into  two  valves,  with  the  placentas  on  the  margins  of  the 
ventral  suture. 

Inmost  cases  the  legume  is  elongated  and  pod-like  (fig.  282),  as  in  the 
Pea  &c. ;  but  sometimes  it  is  curved  or  even  spirally  coiled  like  a  snail's 
shell,  as  in  Medicago  (fig.  283),  or  lobed  and  knotted,  as  in  Acacia  (fig.  284). 
In  Astragalus  a  spurious  sutural  septum  is  formed  by  projection  inward 
of  one  of  the  sutures  (fig.  252). 

264.  The  Lomentum  is  a  modification  of  the  legume,  either  wholly 
mdehiscent,  or  constricted  into  joints  between  the  seeds  and  some- 
times falling  to  pieces  in  these  situations,  as  in  Ornitlwpus,  Desmo- 
dium,  &c.  In  the  lomentum  of  Cassia  (e.  g.  Cassia  fistula)  there  are 
many  false  cross  septa. 
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Multiple  Fruits. 

265.  The  Etcerio  is  formed  either  of  an  assemblage  of  achcenia  on 
a  dry  receptacle  {Ranunculus,  Geum,  fig.  285),  or  on  an  enlarged 

Fm.  282. 


Fi«r.  284. 


Fig.  283. 


Pig.  282.  Legume  of  Pea,  burst. 

pulpy  receptacle,  Strawberry  (Fragaria),  or  of  a  collection  of  small 
drupes  on  a  dry  or  spongy  receptacle,  Blackberry  (Rubus,  fig.  286). 


Fig.  285. 


Fig.  286. 


Fig.  235.  Dry  etmrio  of  Geum,  cut  vertically  (a)  to  show  the  attachment  of  the  component 
achsenia  (6). 

Pig.  286.  Pulpy  etrerio  of  Blackberry  (Subus)  cut  vertically,  showing  the  spongy  receptacle 
covered  with  little  drupes. 

The  circle  of  follicles  in  Aquilegia,  Delphinium,  &c.  nearly  approaches 
this,  as  do  also  the  fruits  of  Wintereaj  {Illicium,  fig.  275). 

266.  The  Syncarpium  is  formed  by  the  confluence  into  a  solid  mass  of 
the  carpels  of  a  multiple  ovary  with  a  slender  receptacle  (Anona,  Mag- 
nolia). 

267.  The  Cynarrhodum  consists  of  a  succulent  outer  envelope,  formed 
of  a  cup-like  receptacle  (according  to  some,  of  the  tube  of  the  calyx),  with 
numerous  achamia  lining  the  walls  {Rosa,  Calycanthits). 
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Compound  Fruits — Superior. 

268.  The  Caryopsis  is  the  one-seeded  fruit  of  the  Grasses,  com- 
posed of  two,  or  rarely  three  carpels,  which  form  a  dry  pericarp  in- 
separable from  the  seed.  In  practice  it  is  hardly  recognizable  from 
the  achene,  except  in  the  last-mentioned  characteristic. 

269.  The  Samara  is  a  two-  or  more-celled,  few-seeded,  dry,  in- 
dehiscent  fruit,  which  has  a  membranous  wing  or  wings  developed 

Fig.  288. 


Fig.  287. 


Fig.287.  Double  samara  of  the  Maple  (Acer).   Fig.  2S8.  Samara  of  the  Elm  (Ulmus  campestris). 

from  the  pericarp — as  in  Acer  (fig.  287),  Ulmus  (fig.  288),  and  the 
little  fruits  of  the  catkin  of  the  Birch  (fig.  289).  Practically  this 
may  be  regarded  as  one  or  more  achenes  with  winged  pericarps. 


Fig-.  289. 


Fig.  290. 


Fig.  289.  Samaroid  fruit  of  the  Birch  (Beiula 
alba). 

Fig.  290.  Persistent  calyx  of  a  Boraginaceons 
plant,  opened  to  show  the  careeru- 
lus  formed  of  four  indehiscent  car- 
pels, separating  from  each  other. 


270.  The  Carcerulus  is  a  dry  fruit 
formed  from  a  many-celled  ovary, 
the  carpels  of  which  separate  when 
ripe  into  indehiscent  few-seeded 
cocci.  The  term  schizocarp  is  some- 
times applied  to  such  a  fruit. 

This  fruit  occurs  in  various  mo- 
difications, in  Malm,  Tropceohcm, 
Boraginaceae  (fig. 290),  Labia ta3,&c; 
the  cocci  are  sometimes  called  nu- 
cules, and  are  often  regarded  as 
achenes. 

271.  The  Regma  differs  from  the  foregoing  chiefly  in  the  cocci  being 
individually  dehiscent,  as  in  Euphorbia,  Geranium,  &c. 

In  Geranium  the  cocci  remain  attached  for  a  time  by  the  persistent 
beak-like  segments  of  the  style  to  the  summit  of  a  carpophore,  the  beaks 
often  coiling  spirally  (fig.  276). 

272.  The  Conceptaculum  is  formed  by  a  two-celled,  many-seeded  ovary, 
separating  into  two  dry  follicular  valves,  in  which  the  seeds  lie  loose.  It 
may  be  described  as  a  pair  of  follicles.  Examples  may  be  met  with  in 
Asclepiads. 

273.  The  Pyxis  is  a  one-  or  more-celled,  many-seeded  fruit,  the 
upper  part  of  which  falls  off  like  a  lid  by  circximscissile  dehiscence, 
as  in  AnagaUis  (fig.  274),  Hyoscyamus  (fig.  291),  Lecythis,  &c.  It 
differs  from  the  capsule  merely  in  its  transverse  dehiscence. 
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274.  The  Siliqua. — This  is  a  two-valvcd  linear  pod,  the  valves  of 
which  separate  scptifragally  from  a  kind  of  frame,  with  a  more  or 
less  perfect  false  septum  {replum)  stretched  across  it,  the  (parietal) 
placentas  being  attached  to  the  frame,  as  in  Sinapis  (fig.  292),  Cliei- 
ranthus,  Matihiola,  &e. 


Fig.  291.  Fig.  293.  Fig.  292. 


Pig.  291.  Pyxis  of  Hyoscyamus,  enclosed  in  the  dry  calyx. 

Pig.  292.  Burst  siliqua  of  Sinapis,  the  valves  separating  from  the  sutures  supporting  the 
replum. 

Pig.  293.  Burst  silicle  of  Thla*pi. 

Pig.  294.  Indehiscent  fruit  of  Isatis :  a,  entire ;  6,  a  cross  section. 

275.  The  Silicula  (diminutive  of  the  last)  is  merely  a  short  aud 
broad  siliqua,  often  most  expanded  in  the  direction  at  right  angles  to 
the  replum,  the  valves  sometimes  winged — Thlaspi  (fig.  293),  Cap- 
sella,  &c. 

When  the  replum  is  imperfect,  it  is  said  to  be  fenestrate  if  slit :  or  it 
may  be  destroyed  altogether.  Some  siliquas  and  siliculas  do  not  burst 
by  valves — Crambe,  Raphanus,  Isatis  (fig.  294),  &c. 

276.  The  Capsula  includes  all  the  remaining  kinds  of  dry  fruits, 
membranous  or  woody,  formed  of  one-celled  or  many-celled  compound 
ovaries,  which  dehisce  more  or  less  completely  by  regular  valves, 
equal  in  number  to  or  double  the  carpels  (Iris,  Colchkum,  Caryo- 
phyllaccae,  Digitalis,  Primula,  &c),  or  by  pores  (Antirrhinum,  Pa- 
paver).  Its  mode  of  dehiscence  may  be  septicidal,  locuhcidal,  or  sep- 
tifragal.    (See  §  247.) 

277.  The  Nuculanium,  or  Uva,  is  a  superior  pulpy  fruit,  the  flesh  of 
which  contains  several  seeds,  and  is  enclosed— merely  by  a  membrane  as 
iu  the  Grape,  where  the  seeds  are  loose  in  the  pulp,  and  Solatium  (^fig.  295), 
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Atropa,  &c,  where  the  axile  placentas  persist,  and  there  are  two  more  or 
less  distinct  cells  within  the  pulp.    This  is  usually  295. 
regarded  as  a  "beny"  (bacca). 

278.  The  Amphisarca  is  a  compound  many- 
celled  superior  fruit,  with  a  woody  or  indurated 
shell  enclosing  an  internal  pulp  (Adansonia,  Cre- 
scentia). 

279.  The  Hesperidium  is  a  many-celled  superior 
indehiscent  fruit,  with  a  spongy  or  leathery  rind, 
and  an  internal  pulp  formed  from  the  tissue  lining 
the  loculi,  as  in  the  Orange.    This  is  generally     Nuculanium,  TJva,  or 
described  as  a  form  of  berry.  superior •  berry  of  Sola- 

*  num.,  cut  across. 


Compound  Fruits — Inferior. 

280.  The  Tryma  resembles  a  drupe,  but  is  inferior ;  it  has  a  fleshy  or 
fibrous  epicarp  and  a  bony  endocarp,  and  is  spuriously  one-celled  and 
one-seeded  by  abortion  of  the  remaining  cells  and  ovules.  The  epicarp 
is  fleshy  in  the  Walnut,  and  the  bony  endocarp  splits  into  two  valves. 

281.  The  Glans  is  a  hard,  dry,  indehiscent  fruit,  spuriously  one- 
celled  from  suppression,  usually  one-seeded,  seated  in  a  persistent 
involucre  forming  a  cupule.  In  the  Acorn  and  Hazel-nut  there  is 
a  single  gland  in  each  cupule  or  cup,  while  in  the  Beech  and  Chest- 
nut there  are  several. 

The  ovary  of  the  Oak  is  3-celled,  with  two  ovules  in  each  cell ;  but 
two  cells  with  their  ovules,  together  with  one  ovule  of  the  fertile  cell, 
are  suppressed,  and  the  wall  of  the  ovary  is  converted  into  a  bony  shell, 
completely  filled  by  the  remaining  seed.  The  ovary  of  the  Birch  is  also 
3-celled,  that  of  the  Hazel  2-celled,that  of  the  Chestnut  3-8-celled ;  and 
similar  suppression  takes  place.  The  inferior  character  of  the  fruit  is 
marked,  especially  in  the  Chestnut,  by  the  remains  of  the  teeth  of  the 
calyx  on  the  summit.  In  the  Acorn  the  gland  is  naked  above,  seated  in  a 
cup ;  in  the  Hazel  the  leafy  cupule  envelopes  it ;  and  in  the  Chestnut  and 
Beech  the  spiny  cupule  encloses  several  fruits. 

282.  The  Cypsela  is  a  one-seeded  indehiscent  inferior  fruit,  developed 


Fig.  296.  Fig.  298. 
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from  a  unilocular  ovary,  and  is  generally  surmounted  by  the  remains  of 
the  calyx,  forming  a  beak,  teeth,  or  a  series  of  hairs  or  feathers  {pappus). 
It  is  characteristic  of  the  Compositaj  (figs.  296  &  297),  and  but  for  its 
pappus,  is  hardly  distinguishable  in  the  ripe  state  from  the  achene. 
This  fruit  is  often  called  an  achsenium. 

283.  The  Cremocarp  is  a  schizocarpous  or  splitting  fruit,  consisting 
of  two  inferior  achenes  formed  from  a  two-  or  several-celled  com- 
pound inferior  ovary,  the  cells  of  which  separate  when  ripe  as  inde- 
hiscent  cocci.  The  separate  halves  of  the  two-celled  fruit  of  Umbel- 
liferse  are  frequently  called  mericarps  (figs.  299-301)  {Galium  and 
many  other  Rubiacese,  &c). 


Fig.  299.  Fig.  301. 


Fig.  299.  Fruit  of  (Enanthe,  the  halves  not  separated. 
Pig.  300.  Cross  section  of  the  fruit  of  the  Carrot. 

Fig.  301.  Fruit  of  Umbelliferee,  the  mericarps  separated  and  hanging  from  the  carpophore. 

284.  The  Diplotegia  is  an  inferior  capsule,  one-  or  many-celled,  dehiscing 
by  valves  or  pores  {Campanula). 

285.  The  Bacca,  or  true  berry,  differs  from  the  nuculanium  only 
in  being  inferior,  so  that  it  is  crowned  by  the  withered  teeth  of  the 
calyx ;  it  is  uniformly  pulpy,  with  a  thin  skin,  the  numerous 
seeds  being  imbedded  in  the  pulp  (Gooseberry,  Currant,  Cornel 
(fig.  302),  &c). 


Fig.  303. 
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286.  The  Pomum  is  a  compound,  many-celled  succulent  fruit,  in 
which  the  epicarp  is  fleshy,  while  the  endocarp  forms  either  cartila- 
ginous linings  and  partitions  to  the  cells  (a  "  core  "),  or  hony  shells 
around  the  more  or  less  separated  cells  (Apple,  Quince,  Medlar  (fig. 
303),  Hawthorn,  &c).  The  fleshy  portion  of  the  pome  consists  in  a 
dilatation  of  the  flower-stalk,  in  which  the  true  carpels  are  imbedded. 

287.  The  Pepo,  or  Gourd,  is  a  succulent  inferior  one-celled  fruit, 
with  the  seeds  on  three  parietal  placentas,  imbedded  in  pulp,  which 
often  fills  up  the  cavity ;  the  epicarp  is  more  or  less  leathery  (Cucum- 
ber, fig.  304),  or  thickened  and  indurated  (Gourd). 

288.  The  Balausta  is  an  inferior  compound  fruit,  with  a  brittle  woody 
rind  surrounding  an  irregular  assemblage  of  numerous  cells,  in  which  the 
seeds  are  attached  to  the  placentas,  and  have  a  pulpy  coat  (Pomegranate). 

Infrutescences  or  Confluent  Fruits. 

289.  The  Syconus  is  a  succulent  fruit,  formed  of  an  enlarged 
fleshy  excavated  or  concave  flowering  axis,  in  which  are  imbedded 
numerous  separate  fruits  with  dry  pericarps.  In  the  Fig  the  seed- 
like pericarps  are  seated  on  the  walls  of  the  internal  cavity  (fig.  305); 
in  Dorstenia  they  are  imbedded  in  the  concave-topped  common 
receptacle. 

Fig.  307. 


Fi^.  305. 


Fig.  306. 


Vortioal  section  of  the  Fig  (Ficus  Carica). 
£|g-  30«.  Fruit  of  Mulberry  (Morus  nigra). 
J!ig.  Mi.  Fruit  of  Fine-apple  (Ananasm  nativa). 

consrihw6  S°r-SiS  difff 8  fr°m  th°  {o™g°™S  by  the  substance  of  the 
constituent  pericarps,  formed  of  the  ovaries  and  floral  envelopes  of 
«je  flowers,  becoming  pulpy  and  confluent  with  each  other  (Morus 
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291.  The  Sti'obilus,  or  Cone,  is  the  characteristic  fruit  of  the 
Gymnosperms,  consisting  mostly  of  a  conical  or  ovate  mass  of  imbri- 
cated scales,  with  seeds  in  their  axils  (or  on  their  borders,  Cycas), 
each  scale  being  the  development  of  a  single  carpel,  representing  a 
female  flower  (Pinus). 

292.  The  Oalbulus  is  a  kind  of  cone  with  few  scales,  which  have 
their  heads  thickened  and  forming  the  periphery  of  a  somewhat 
globular  mass,  dry  (Cupressus) ,  or  sometimes  succulent  (Juniperus). 

The  Seed. 

293.  The  consequence  of  the  fecundation  of  the  ovule  is  the  de- 
velopment of  an  embryo  in  the  embryo-sac  (§  241)  ;  and  during  the 
maturation  of  the  fruit  the  ovules  are  perfected  into  seeds,  the  essen- 
tial character  of  which  is,  that  they  are  independent  reproductive 
bodies,  containing  an  embryo  or  rudimentary  new  plant  at  the  time 
when  they  are  cast  off  by  the  parent  (fig.  309). 

Fig.  308. 


Fig.  309. 


Fig.  308.  Section  of  an  Umbelliferous  flower,  showing  the  two  seeds  in  situ,  each  containing 
an  embryo  at  the  upper  end,  imbedded  in  albumen. 

Fig.  309.  Seed  of  Castor-oil  plant  (Ricinvs) :  A,  external  view.  B,  vertical  section :  a.hilum: 
b,  micropyle,  with  an  arillode  around  it;  c,  raphe,  leading  to  (rf)  the  chalaza;  e, 
embryo,  with  foliaceous  cotyledons,  and  radicle  pointing  to  the  micropyle ;  /,  endo- 
sperm or  albumen. 

The  seed  remains  attached  to  the  placenta  of  the  fruit,  until 
mature,  by  the  funiculus  (§  234),  from  which  it  ultimately  separates 
by  an  articulation,  so  that  a  scar  is  left,  called  the  Jtihan  (§  236). 

294.  The  direction  and  position  of  the  seeds  in  the  cells  of  ihe 
fruit,  as  well  as  the  modes  of  curvature,  indicated  externally  by^he 
relative  positions  of  the  hilum  (fig.  309,  a),  micropyle  (6),  chalaza  (d), 
and  raphe  (c),  are  the  same  as  in  the  case  of  the  ovule  ;  and  the  same 
terms  (§§  237-240)  are  made  use  of  in  describing  tbeir  peculiarities. 

The  face  of  a  seed  is  the  side  or  edge  turned  towards  the  placenta 
from  which  it  arises. 
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The  direction  of  seeds  may  differ  from  that  of  the  ovules,  by  alteration 
in  the  shape  of  the  ovary,  abortion  of  ovules,  &c.  It  may  be  noted  that 
anatropous  ovules  normally  have  the  raphe  next  the  placenta  if  ascending 
or  suspended,  so  that  the  raphe  indicates  the  face ;  but  by  irregular  deve- 
lopment of  the  pericarp  this  condition  may  be  reversed  in  the  ripe  fruit, 
as  in  Ranunculus. 

295.  The  seed  consists  of  the  proper  body  of  the  seed  and  its  integu- 
ments, to  -which  in  some  cases  are  added  appendages  of  various  kinds. 

The  body  of  the  seed  is  sometimes  called  the  nucleus,  which  leads  to 
confusion,  as  it  occupies  the  same  position  in  reference  to  its  integuments 
as  the  nucleus  of  the  ovule,  but  is  by  no  means  always  identical  with  it. 

296.  The  outer  coat  of  the  seed,  called  the  testa,  completely  en- 
closes it,  marked,  however,  by  the  microscopic  orifice  of  the  micro- 
pyle,  and  by  the  Jiilum,  or  scar  of  the  funiculus.  The  testa  presents 
the  greatest  possible  variety  of  conditions  of  texture,  from  membra- 
nous, horny,  woody,  or  bony  hardness,  on  the  one  hand,  to  a  leathery 
or  soft,  pulpy  condition  on  the  other.  The  dry  forms  frequently 
exhibit  beautifully  regular  markings,  such  as  minute  ridges,  reticu- 
lations (Poppy,  Silene,  &c),  spines  (Stellaria,  &c.) ;  or  the 
margins  are  produced  into  sharp  edges  or  broad  wings 
(Bignonia,  Firms,  fig.  310)  ;  or  it  bears  a  crown  of  hairs, 
or  coma,  at  one  end,  as  in  Epilobium,  Asclepias,  ifec. ;  or 
it  is  completely  covered  with  long  hairs,  as  in  the  Cotton- 
plant  ;  while  in  various  Polemoniaceae,  Labiatse,  &c.  (Col- 
lomia  &c.)  it  is  clothed  with  microscopic  hairs,  which 
expand  elastically,  and  dissolve  into  a  kind  of  mucilage 
when  wetted.  Sometimes  the  testa  is  loose,  and  forms  a 
kind  of  sac  around  the  body  of  the  seed,  as  in  Orchida- 
ceae,  Pyrola,  &c. 

The  mne>'  inU^ummJt^  the  tecynen  or  end^l^j^,  is  not  generally 
distinguishable ;  when  it  is,  it  is  usually  whitish  and  delicate. 
The  reference  of  the  integuments  of  the  seed  to  their  elements  in  the 

Fig.  312.  K*  313' 


Fig.  310. 


Winged  seed 
of  Pine. 


Fig.  311. 


Fig.  314. 


Fig.  311.  Vertical I  section  of  an  aehoenium  of  Ranunculus,  showing  the  seed  with  a  minute 
Ti"    <ti9  a  e,nnry°  in  the  albumen, 
■g.  01Z.  Sec9pmfotrh«1^mOf  Typha,  showing  the  straight  embryo  in  the  axis  of  the  endo- 

Fig.  313  ^S^SStSSSA  8h°W!ng  abUndant  end09I>erm'  "  ^  the 
*ig-  bu.  Section  of  the  seed  of  Iris,  with  the  embryo  enclosed  in  the  endosperm. 
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ovule  is  a  subject  of  great  complexity,  since  there  appear  to  be  no  rules  as 
to  what  regions  of  the  ovule,  from  the  nucleus  outward,  shall  remain  dis- 
tinguishable or  enter  into  the  composition  of  the  coats.  The  testa  is 
commonly  formed  of  the  primine  and  secundine  (§  236)  of  the  ovule  con- 
joined. The  tegmen  seems  to  originate  sometimes  from  the  secundine, 
sometimes  from  the  substance  of  the  nucleus,  &c.  Small  indehiscent  fruits, 
such  as  the  achrenia  (§  257)  of  Ranunculus  or  of  Labiates,  are  liable  to  be 
mistaken  for  seeds  when  detached ;  they  are  known  by  the  remains  of  the 
style,  and  by  the  complete  seed  with  its  proper  coat  being  distinguishable 
on  opening  the  pericarp  (fig.  311). 

297.  A  considerable  number  of  seeds  possess  a  coat  or  appendage 
distinct  from  the  proper  integument,  and  produced  entirely  during 
the  development  of  the  seed  from  the  ovule — that  is  to  say,  after  the  fer- 
tilization of  the  latter.  These  additional  structures  are  frequently 
fleshy  when  mature,  as  in  the  Spindle-tree,  Euonymus,  Podo- 
phyllum, &c.  The  older  authors  called  all  the  forms  by  the  same 
term,  arillus ;  recent  authors  distinguish  the  true  arillus,  which  grows 
up  over  the  seed  from  the  funiculus,  like  the  primine  and  secundine, 
as  in  Nymphcea,  Passion-flowers,  &c,  from  the  arillode,  which  origi- 
nates at  or  near  the  micropyl<\  and  grows  down  more  or  less  over  the 
testa,  as  in  Euonymus  (where  it  forms  a  pulpy  coat),  in  Euphorbia, 
Ricinus  (fig.  309),  Polygala,  &c. 

The  mace  of  the  Nutmeg  is  an  arillus,  adhering  both  to  the  hilum  and 
micropyle. 

The  appendages  which  grow  from  the  raphe,  in  Chelidonium,  Asarum, 
Viola,  Sec,  are  sometimes  called  strophioles. 

298.  The  body  of  the  seed  is  composed  either  of  the  embryo  alone, 
or  of  the  embryo  imbedded  in  a  mass  of  tissue,  called  the  endosperm , 
perisperm,  or  albumen  (figs.  311-318).    Seeds  wherein  the  embryo 
is  immediately  invested  by  the  integuments  are  commonly  called  ex- 
Fig.  317. 


Fig.  315.  Section  of  the  need  otZychni,,  with  a  peripherically  curved  embryo,  b,  surrounding 

Fig.  316.  Sec&7Xr.:daor  ZW,  showing  the  embryo ;  in  a  separate  sac  at  the  apex  of  the 
endosnenn  which  lntter  is  hollow  in  the  middle.  .  , 

Fig.  317.  Section  o?  tZ'fr'.it  of  the  Cocoa-nut  Palm,  show  ing 

endooarp  (x)  enclosing  the  hollow  perisperm,  in  which  lies  the  minute  embrj o. 
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albuminous  (figs.  319  &  321).  Where  an  endosperm  exists,  they  are 
called  albuminous  (figs.  311  &c). 

The  term  albumen,  founded  upon  the  functional  analogy  with  the  albu- 
men or"  te  of  an  egg,  is  very  inconvenient,  as  it  has  a  distinct  chemical 
SJn  wMch  it  is  frequently  used  in  the  chemical  questions  of  vegetable 
physiology ;  and  therefore  the  word  perisperm  is  preferable. 

299  The  perisperm  varies  very  much  in  both  quantity  and  m 
texture— in  proportion  to  the  relative  magnitude  attained  by  the  em- 
bryo (fi»s  315  &  318),  and  in  consequence  of  the  different  mode  ot 
development  of  the  cellular  tissue  and  its  contents  in  different  cases. 

The  texture  or  consistence  of  the  perisperm  is  termed  mealy  or 
farinaceous  when  it  may  be  readily  broken  down  into  a  starchy- 
powder  (as  in  Corn-grains  &c),  oily  when  it  is  composed  ot  sort 


Fig.  318.  Vertical  section  of  the  seed  of  Ricinua :  a,  hilum;  6,mieropyle;  c,  raphe;  d,  chalaza; 

e,  embryo ;  perisperm. 
Fig.  319.  Eialbuminous  dicotyledonous  seed  of  a  Bean,  with  the  coats  removed :  a,  radicle ; 

6'  i".  cotyledons  (separated  to  show  the  plumule,  c). 
Fig.  320.  Monocotyledonous  embryos  removed  from  the  perisperm,  vertically  sliced :  A,  of 

Calla  palustris;  B,  Avena  (Oat) :  a,  radicle;  b,  cotyledon;  c,  plumule. 

tissue  loaded  with  fixed  oil  (as  in  the  Poppy  and  Cocoa-nut),  muci- 
laginous or  fleshy  when  it  is  tougher  and  swells  up  readily  when 
wetted  (as  in  the  Mallow),  homy  when  hard  and  more  or  less 
elastic  (as  in  Coffee,  Galium,  Iris,  &c). 

The  perisperm  is  usually  a  uniform  mass ;  but  in  Nymphcea,  Piperacese 
(fig.  316),  Canna,  and  some  other  plants  the  embryo  is  contained  in  an 
inner  central  compartment  or  sac  (sometimes  called  the  amniotic  sac), 
so  that  the  perisperm.  is  here  double ;  the  enclosed  portion  is  some- 
times called  the  endosperm;  the  development  of  this  will  be  described 
in  the  Physiological  part  of  this  work. 

The  uniformity  of  the  perisperm  is  also  destroyed  in  some  seeds  by  a 
peculiar  lobulated  condition  of  the  outer  portion,  the  sinuosities  being 
filled  up  and  enclosed  in  an  inseparable  layer  of  different-coloured  tissue, 
giving  a  marbled  appearance;  this, which  is  seen  in  the  Nutmeg, is  called 
a  ruminated  perisperm  or  albumen.  In  the  Cocoa-nut  the  perisperm  is 
hollow  when  mature,  containing  the  so-called  milk  (fig.  317). 

300.  The  embryo,  or  rudimentary  plant  contained  in  the  seed, 
ordinarily  possesses,  when  the  seed  is  mature,  all  the  essential 
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organs  of  vegetation,  namely  root,  stem,  and  leaves,  although  in  a 
few  cases  the  leaves  are  undistinguishable ;  while  in  others  the  em- 
bryo is  a  mere  cellular  nodule  in  the  ripe  seed,  as  in  Orchidaceae  and. 
Orobanchacese. 

301.  The  end  of  the  embryo  pointing  to  the  micropyle  is  the 
radicle  (figs.  318-321  a)  or  rudimentary  root,  forming  the  lower 
end  of  the  axis  which  terminates  at  the  other  end  in  the  plumule 
(figs.  319-321  c)  or  rudimentary  terminal  bud  ;  the  rudimentary 
leaves,  called  cotyledons  (figs.  319-321  b",  V  6),  differ  in  number  in  the 
two  great  classes  of  Angiospermous  Flowering  plants,  since  in  the 
Dicotyledons  there  are  two,  placed  face  to  face  at  the  upper  end  of  the 
axis,  with  the  plumule  between  them  (fig.  319)  ;  and  in  Monocoty- 
ledons only  one  exists  (or  the  rudiment  of  another  on  a  different 
level),  and  this  is  more  or  less  completely  rolled  round  the  plumule, 
like  the  sheath  of  the  leaf  in  Grasses  (fig.  321). 

Fi<r.  321.  Fig.  322.  Fig.  323.  Fig.  324. 


Fig.  321.  Exalbuminous  Monocotyledonons  Beed  of  Poiamogeton,  with  the  coat  removed : 
a,  radicle  ;  6,  cotyledon ;  c.  plumule. 

Fig.  322.  Embryo  of  Finns,  extracted  from  the  endosperm,  and  the  ootyledonary  lobes  sepa- 
rated. 

Fig.  323.  Vertical  section  of  the  seed  of  Airopa  Belladonna. 
Fig.  324.  Vertical  section  of  the  seed  of  the  Hop  (Humulus). 

The  embryos  of  the  Gymnosperms  are  either  dicotyledonous,  as  in  Cycas, 
Taxus,  Juniperus,  &c,  or  really  or  apparently  polycotyledonous,  as  in  Pinus 
(fig.  322) ,  where  it  is  said  that  the  seeming  whorl  is  formed  of  two  deeply 
divided  cotyledons. 

302.  The  embryo,  whether  covered  only  by  the  coats,  or  imbedded 
in  perisperm,  exhibits  many  varieties  in  the  relative  position  of  its 
parts  :  thus  it  may  be  straight  (fig.  312),  curved,  arcuate,  or  hooked 
(fig.  323),  spirally  coiled  (fig.  324),  or  folded ;  in  the  last  case  the 
radicle  maybe  folded  against  the  back  of  one  of  the  cotyledons  (incum- 
bent, fi°\  325),  or  against  their  edges  (accumbent).  The  cotyledons, 
which  are  usually  of  fleshy  texture,  and  vary  much  in  form,  degree  of 
expansion,  and  solidity  in  different  cases,  aro  occasionally  rolled  or 
folded  up  like  leaves  in  leaf-buds  (figs.  326  &  327) ;  and  these  are 
described  by  the  terms  defined  above  under  the  vernation  of  leaves 
(§  113).  They  have  sometimes  quite  a  foliaceous  character,  as  in 
Convolvulus,  Ricinus  (fig.  318),  &c.  The  fleshy  kinds  occasionally 
cohere  very  firmly  in  Dicotyledons  in  the  mature  state ;  and  they  are 
sometimes  of  unequal  size,  as  in  Trapa  nutans. 


MORPHOLOGY  OF  CRYPTOGAMIA.  lOO 

In  most  cases  the  cotyledons  form  the  greater  part  of  the  embryo ; 
but  sometimes  they  are  very  small  (Barringtonia),  while  in  Cuscuta, 


Fig.  325. 


Fig.  325.  Vertical  section  of  the  seed  of  Erysimum :  a,  funiculus. 
Fig.  326.  Dicotyledonous  embryo  extracted  from  a  Turnip-seed. 
Fig.  327.  Dicotyledonous  embryo  extracted  from  the  seed  of  the  Maple  (Acer). 


a  leafless  parasite,  they  are  un distinguishable.  The  cotyledons  usually 
decay  after  the  germination  of  the  seed ;  but  in  Welwitschia  the  two 
cotyledons  are  persistent,  and  form  the  only  leaves  of  the  plant 
throughout  its  life. 

303.  The  relations  of  the  embryo  to  the  perisperm  and  integu- 
ments afford  some  regular  conditions,  to  which  special  terms  are 
applied.  With  regard  to  the  perisperm,  the  embryo  may  be  axial 
(fig.  312),  and  then  merely  with  its  cotyledons  lying  against  the 
apex  of  the  perisperm,  as  in  Carex,  or  completely  immersed  in  it,  as 
in  Polygonum ;  it  may  be  abaxial  or  excentric,  when  the  layer  of  peri- 
sperm is  thickest  on  one  side ;  or  it  may  be  external,  and  then  either 
lateral,  as  in  the  Grasses  (fig.  313),  or  periplierieal  (albumen  centrale), 
when  it  curves  round  the  perisperm,  as  in  Mirabilis,  Lychnis  (fig.  315), 
&c,  or  with  the  perisperm  outside  (albumen  periphericum). 

304.  The  direction  of  the  embryo  in  relation  to  the  micropyle  is 
almost  always  constant,  the  radicle  pointing  to  that  orifice,  which 
indicates  the  organic  apex  of  the  seed. 


CHAPTER  III. 
MORPHOLOGY  OF  THE  CBYPTOGAMIA. 
Gekeral  Observations. 

305.  The  general  distinctive  characteristics  of  this  division  of  the 
vegetable  Kingdom  are :— 1st,  the  substitution  for  flowers  of  sexual 
organs  which,  although  analogous  in  many  respects,  are  of  very 
different  structure  from  those  of  the  Phanerogamia,  and  are  both  in- 
conspicuous in  relation  to  the  vegetative  organs,  and  very  transitory 
m  theu:  existence ;  2ndly,  the  production,  by  the  various  forms  of 
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fruit,  of  the  reproductive  bodies  called  spores,  destitute  of  an  embryo 
aud  often  consisting  of  simple  cells,  instead  of  seeds  like  those  of  the 
Phanerogamia. 

30G.  By  these  characters  the  whole  of  the  Cryptogamia  are  at  once 
separated  from  the  Phanerogamia,  and  at  the  same  time  allied  together. 
The  Cryptogamia  themselves  are  divisible  into  two  principal  groups, 
characterized  by  the  structure  of  their  vegetative  organs  and  the 
nature  of  their  fructification.  The  higher  group,  composed  of  the 
Perns  and  their  allies,  the  Mosses,  &c,  are  related  to  the  Phane- 
rogamia by  the  possession  of  an  axis  or  stem  bearing  leaves  and  roots ; 
and  their  spores  are  matured  in  special  organs,  called  spore-cases  or 
sporanges,  formed  from  the  foliar  organs.  The  lower  groups  present 
no  clearly  marked  distinctions  between  root,  stem,  and  leaves ;  but 
their  vegetative  structure  presents  itself  in  a  vast  variety  of  forms, 
often  of  indeterminate  mode  of  growth — sometimes  imitating  a  leaf, 
sometimes  a  stem,  and  sometimes  a  root,  but  always  composed  of 
simple  cellular  tissue,  and  without  leaves  or  leaf-buds.  This  struc- 
ture is  known  by  the  name  of  a  tliallus,  signifying  a  led  or  layer. 
The  simplest  plants  of  this  class  consist  merely  of  single  cells.  In 
other  cases  the  cells  are  arranged  in  linear  series,  simple  or  branched, 
or  in  planes  ;  and  thus  by  stages  of  gradually  increasing  complexity 
the  higher  groups  are  reached.  The  reproductive  organs  have  now 
been  ascertained  in  so  many  instances  to  be,  some  analogous  to  the 
male,  others  to  the  female  organs,  that  the  existence  of  sexual  re- 
production may  be  regarded  as  general  throughout  the  group.  The 
spores  of  the  Thallophyta  are  not  produced  in  highly  organized  cap- 
sules like  those  of  the  Angiosporse,  but  lobes  or  parts  of  the  thallus 
are  more  or  less  modified  to  form  fruits  of  diverse  form,  in  which  the 
spores  are  produced  in  more  or  less  exposed  parent  cells,  or  thecce, 
from  which  they  are  directly  discharged  when  mature.  The  Thal- 
lophyta are  likewise  extensively  propagated  by  cells  (gonidia  and 
conidia),  which  become  detached  from  various  points  of  the  thallus; 
these,  however,  are  analogous  to  bulbels,  and  not  to  seeds  or  spores. 
Many  of  them  are  reproduced  by  zoospores,  or  cells  which  become 
detached  from  the  parent  plant,  swim  about  in  water  by  means  of 
cilia,  and  ultimately  become  developed  into  a  thallus.  In  other  cases, 
again,  reproduction  is  effected  by  means  of  a  process  termed  conjuga- 
tion, wherein  a  communication  between  two  cells  is  established,  and 
the  contents  of  the  two  become  blended  into  a  single  spore. 

The  modifications,  both  of  the  vegetative  and  reproductive  organs  of 
the  Crvptoeamia,  are  so  numerous  and  diverse,  and  so  characteristic  m 
each  class,  that  it  is  most  convenient  to  treat  their  morphology  under  the 
separate  heads  of  the  classes,  and  not  of  the  organs  themselves,  as  has  been 
done  with  the  Phanerogamia;  hence  further  remarks  on  this  subject  will 
be  found  under  the  head  of  the  several  groups,  and  in  the  physiological 
portion  of  the  work. 
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CHAPTER  L 

PRINCIPLES  OP  CLASSIFICATION. 

Sect.  1.  Species  and  Geneea. 

307.  In  the  study  of  Vegetable  Morphology  we  endeavour  to 
discriniinate  the  different  kinds  of  organs  possessed  by  plants,  to 
refer  to  their  appropriate  types  the  infinite  variety  of  their  forms  and 
modifications,  and  to  ascertain  the  general  laws  under  the  regulation 
of  which  the  diversity  of  actual  conditions  is  evolved.  In  Syste- 
matic Botany  a  different  problem  is  set.  It  is  no  longer  in  the 
separate  parts  or  organs  of  plants  that  we  seek  the  primary  facts 
upon  which  to  found  our  generalizations,  but  in  entire  plants  possess- 
ing peculiar  assemblages  of  morphological  characters.  Our  object  is, 
in  the  first  place,  to  establish  analytically  our  elementary  facts  in 
the  rigid  definition  of  the  distinct  kinds  of  plants  ;  and,  in  the  next 
place,  synthetically  to  generalize  them,  by  gathering  the  kinds  into 
classes,  according  to  essential  agreements  among  themselves,  which 
classes  then  become  types  of  the  Vegetable  Kingdom,  and  illustrations 
of  the  physiological  and  morphological  laws  ruling  the  existence  of 
plants. 

Just  as  in  morphology  the  study  of  the  special  forms  of  organs  in 
detail  must  precede  the  formation  of  a  clear  general  conception  of  each  kind 
of  organ,  so  the  study  of  individual  kinds  of  plants  must  precede  the  for- 
mation of  clear  ideas  respecting  classes  or  aggregates  of  plants.  But,  on 
the  other  hand,  as  the  establishment  of  morphological  principles  facilitates 
the  discovery  of  the  true  signification  of  organs  of  unusual  character,  the 
establishment  of  philosophical  principles  of  classification  leads  to  the  re- 
c-ofrnition,  not  only  of  the  relations  of  obscurely  characterized  kinds  of  plants, 
but  of  the  relative  importance,  in  a  systematic  point  of  view,  of  the  different 
characters  by  which  the  particular  kinds  of  plants  are  distinguished. 
Ihese  considerations  indicate  the  main  distinction  between  what  are 
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called  Artificial  and  Natural  Classifications.  In  the  former,  the  only 
object  is  to  arrange  or  place  objects  in  such  order  that  we  may  find  them 
readily  by  some  prominent  mark,  in  the  same  manner  as  words  are  arranged 
alphabetically  in  a  dictionary.  In  Natural  Classification,  the  object  is  so 
to  combine  our  materials  that  the  things  brought  closest  together  shall 
have  the  greatest  possible  agreement ;  from  which  it  results  that  a  know- 
ledge of  all  the  peculiarities  of  one  carries  with  it  the  knowledge  of  most 
of  those  of  its  neighbours,  and  enables  us,  from  the  observation  of  a  portion 
of  the  characters  of  a  given  kind,  to  foresee  the  rest,  or  at  all  events  to 
determine  the  limits  beyond  which  it  cannot  vary — in  the  same  manner  as 
we  conclude  from  our  knowledge  of  a  noim  substantive  as  to  the  meaning 
of  the  derivative  verb,  with  its  adjectival  participles,  &c. 

308.  Systematic  Botany  is  founded  upon  the  recognition  of  the 
existence  of  distinct  hinds  of  plants — a  notion  which  of  course 
belongs  not  to  science  exclusively,  but  is  a  part  of  the  common  ex- 
perience of  the  world.  But  there  is  a  great  difference,  practically, 
between  the  kinds  of  things  accepted  in  the  ordinary  affairs  of  life 
and  the  kinds  admitted  in  science,  more  especially  in  the  Biological 
sciences.  The  idea  of  a  Icincl,  or,  as  it  is  termed,  a  species,  in  Botany 
and  Zoology,  is  a  conception  which  has  something  peculiar  to  itself 
as  part  of  these  sciences — and  is  not  only  rigidly  defined,  but  its 
definition  is  made  to  depend  upon  considerations  of  the  widest 
generality. 

309.  We  may  adopt,  from  universal  experience,  the  assertion  that 
the  Vegetable  Kingdom  consists  of  plants  of  a  vast  variety  of  forms, 
and,  further,  that  we  meet  with  more  or  less  considerable  numbers 
of  individual  plants  possessing  similar  forms,  or  undistinguishable 
from  one  another  by  any  differences  except  those  of  size,  height,  and 
the  like.  In  common  language,  we  connect  together  all  such  similar 
forms  under  one  name,  saying  they  are  all  of  one  kind ;  this  simple 
abstraction  is  a  rough  exemplification  of  the  naturalist's  species.  But 
science  requires  that  the  ideas  upon  which  it  builds  should  be 
firmly  established  and  accurately  defined.  Now  it  will  be  commonly 
found  that  the  notions  of  the  distinction  of  kinds  held  by  ordinary 
persons  are  totally  deficient  both  of  fixity  and  generality ;  and  if 
inquired  into,  they  will  be  discovered  to  rest  upon  arbitrary,  and  often 
even  upon  false  grounds.  Hence  the  naturalist,  admitting  the 
o-eneral  fact  of  the  existence  of  kinds,  seeks  for  something  more 
fixed,  more  essential,  by  which  to  define  the  idea,  to  serve  as  a  guide 
and  rule  in  obscure  cases,  and  as  a  means  of  establishing  among  the 
cultivators  of  science  that  agreement  upon  fundamental  propositions 
which  is  indispensable  to  the  advancement  of  knowledge. 

310.  We  have  admitted  the  common  notion  of  kind,  as  founded 
on  resemblances.  There  is  another  fact  of  daily  experience  which 
is  no  less  important  in  reference  to  this  point ;  that  is,  the  circum- 
stance that  plants  produced  from  seeds  most  commonly  resemble  in 
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all  important  respects  the  parent  plant  from  which  the  seeds  are  & 
derived,  and  this  through  an  indefinite  numher  of  generations ; 
from  which  it  follows  that  kinds  or  species  of  plants  arc  regu-,-  f 
larly  reproduced  by  their  seeds.  *'-in| 
311.  According  as  we  attribute  greater  weight  to  one  or  the  other  of 
these  departments  of  experience,  we  shall  bring  forward  most  pro-* 
minently  one  or  the  other  of  the  two  most  important  of  the  characters' 
by  which  the  idea  of  a  species  is  defined.  1st.  A  species  consists  of 
all  those  individuals  which  agree  in  all  their  important  characters, 
in  the  same  way  as  do  individuals  of  analogous  structure,  which  we 
know  to  have  descended  through  a  number  of  generations  from  a 
common  stock.  2nd.  A  species  consists  of  all  those  individuals 
which  have  been  produced  through  seed  from  an  original  individual, 
or  pair  of  individuals,  of  a  distinct  kind ;  or,  to  put  it  less  hypo- 
thetically,  a  species  includes  all  the  descendants  of  an  indeterminate 
number  of  progenitors  which  did  not  differ  from  each  other  in  any 
characters  which  are  constant  in  their  progeny.  To  these  may  be 
added  the  assertions  that  individuals  of  the  same  species  may  be 
cross-fertilized,  to  the  improvement  rather  than  the  detriment  of  the 
fertility  of  their  seeds,  and  that  they  are  affected  in  a  generally 
similar  manner  by  external  agencies. 

It  must  he  repeated  here  that  the  whole  object  of  these  definitions  is 
to  make  clear  and  precise  a  notion  derived  directly  from  general  expe- 
rience, and  not  merely  to  set  up  an  imaginary  or  metaphysical  conception 
which  is  not  realized  in  nature.  Species,  on  this  view,  actually  exist ; 
for  every  individual  represents  the  species  to  which  it  is  referred,  and 
can  only  differ  from  the  description  applied  as  characteristic  of  it  in 
possessing  certain  additional,  unimportant  peculiarities,  which  may  he 
passed  over  when  considering  this  individual  in  the  light  of  a  repre- 
sentative of  its  species. 

Diversity  of  opinion  still  exists  among  naturalists  as  to  the  origin  and 
fixity  of  species.  On  the  one  hand  it  is  assumed  that  every  distinct 
species  has  originated  in  a  distinct  creation  of  that  form,  which"  has  been 
perpetuated,  with  the  essential  characters  unchanged,  through  succeeding 
generations.  It  is  usually  added  by  the  same  school  that,  as  regards 
plants,  every  species  has  originated  from  a  single  prototype,  or  a  pair  of 
parents  where  the  plant  is  dioecious. 

It  is  of  some  considerable  importance  whether  we  suppose  the  pro- 
totypes to  have  been  singly  created  or  in  numbers,  since,  as  has  been 
acutely  observed,  the  admission  of  a  number  of  simultaneously  created 
prototypes  gives  the  possibility  of  certain  varieties,  or  races  as  they  are 
called,  being  aboriginal,  like  the  species  itself;  while  extension  of  the 
original  creation  may  also  be  carried  so  far  as  to  contradict  not  only  the 
assumption  of  what  are  called  original  centres  of  diffusion  of  species 
the  basis  of  most  of  the  generalizations  of  Geographical  Botany,  hut  also 
the  hypothesis  of  the  single  origin  of  species  in  time,  which  is  necessary 
to  all  paloeontological  arguments  respecting  the  relative  age  of  geological 
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On  the  other  hand,  it  is  contended  by  some  writers  that  species  are  not 
all  aboriginal ;  and  this  notion  involves  the  conclusion  that  they  are  not 
absolutely  invariable,  and  the  developmental  doctrine  is  thus  adopted, 
often  indeed  in  a  modified  form,  by  the  supposition  of  the  creation  of  a 
certain  number  of  prototypes,  from  which,  under  the  influence  of  varying 
external  agencies,  the  multiplied  forms  have,  in  the  course  of  long  a<res, 
been  evolved, — an  assumption  less  warranted  by  experience  than  the 
assertion  of  distinct  creations.  In  adopting  the  hypothesis  that  species 
are  invariable,  and  that  the  prototype  or  prototypes  were  created  at  one 
time  and  in  one  place,  we  believe  that  we  accept  the  view  supported  by 
the  preponderating  amount  of  evidence,  which  is  necessarily  scanty  on 
both  sides.  And  what  appears  to  us  still  more  important  is  the  fact 
that  we  here  take  up  a  principle  which  is  far  more  fruitful  in  conclusions 
leading  to  a  lucid  and  consistent  view  of  the  creation. 

Mention  has  been  made  of  modifications  of  individual  representatives 
of  species,  under  the  name  of  Varieties.    We  have  stated  that  species  are 
distinguished  by  their  constant  characters,  but  that  individuals  may 
possess  other  additional  characters  of  less  importance,  which  are  incon- 
stant.   Even  as  in  the  human  species  we  find  eveiy  individual  possessing 
certain  peculiarities,  so  even  in  almost  to  the  lowest  of  created  oeings  do 
we  find  what  is  called  an  idiosyncrasy,  and  individual  character,  chiefly 
depending,  in  the  vegetable  kingdom,  upon  the  conditions  under  which  they 
have  grown  up.    We  often  find  seeds  from  the  same  parent  producing 
individual  plants  differing  in  the  colour,  size,  and  number  of  their  flowers, 
and  of  their  vegetative  organs,  according  to  the  conditions  of  climate  and 
soil  to  which  we  submit  them.    Very  often,  moreover,  we  find  these  differ- 
ences displaying  themselves  under  what  appear  to  us  identical  conditions — 
as  is  particularly  the  case  -with  many  of  the  favourite  "  florists'  flowers," 
such  as  the  Pelargonium,  Fuchsia,  Pinks,  Asters,  &c,  which  "  sport "  out 
into  numberless  varieties  when  raised  from  seed  under  highly  artificial 
conditions.    The  occurrence  of  such  variations  is  less  common,  and,  when 
it  occurs,  generally  less  marked  in  wild  plants ;  which  might  naturally  be 
expected,  from  the  likelihood  of  wild  plants'  maintaining  their  footing 
best  in  a  position  where  the  conditions  are  most  natural  to  them ;  but  we 
do  find  remarkable  cases  of  variation  in  many  wild  species,  as  of  colour  in 
the  common  Milkwort  and  the  Columbine  (Aquilegia)  ;  but  most  of  those 
kinds  which  exhibit  the  tendency  now  and  then  in  a  wild  state,  become 
extremely  variable  under  culture.    Some  of  the  variations  are  dependent 
simply  upon  modifications  of  the  cell-contents  of  certain  tissues,  as  in  the 
commonest  of  all  variations,  those  of  colour,  and  in  the  not  imcommon 
appearance  of  white  patches  and  streaks  ("variegation")  on  the  leaves. 
Other  variations  are  teratological,  and  result  from  the  over-stimulation  of 
the  vegetative  system,  causing  the  reproductive  organs  to  degenerate  (of 
which  the  ordinary  "doubling"  of  flowers  by  the  degradation  of  then- 
stamens  into  petals  is  an  example)— or,  vice  versa,  the  application  of 
stimuli  at  particular  epochs,  producing  remarkable  development  of  flower 
or  fruit.    All  these  variations,  more  especially  those  involving  serious 
teratological  changes,  tend  to  disappear.    Common  variations,  of  slight 
importance,  mostly  die  out  at  once  in  the  descendants  through  seed, 
especially  if  the  conditions  are  varied ;  serious  departures  from  the  typical 
structure  (teratological  variations)  lead  to  barrenness  and  mcapabihty  of 
continuing  either  the  variety  or  the  species  by  seed. 
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It  is  important  to  note  here  a  fact  which  will  be  more  minutely 
examined  in  another  place,  namely,  that  although  the  peculiar  characters 
of  varieties  are  commonly  lost  in  seeds,  the  peculiar  form  is  capable  ot 
indefinite  propagation  by  vegetative  multiplication  through  cuttings  &c., 
the  special  idiosyncrasy  being  possessed  in  common  throughout  all  the 
leaf-buds,  both  while  forming  part  of  the  parent  and  after  they  have  been 
detached  from  it  to  form  new  plants,  grafts,  &c.  ♦  _ 

A  certain  number  of  species  which  vary  more  or  less  in  a  wild  state, 
exhibit  a  remarkable  peculiarity  under  systematic  cultivation.  By  strictly 
maintaining  a  certain  set  of  conditions,  varieties  originating  accidentally 
or  through  intentional  treatment  are  made  to  manifest  their  additional 
peculiarities  so  strongly,  that  they  transmit  the  tendency  to  present 
similar  peculiarities  to  their  seeds ;  and  such  transmission  goes  on  for  an 
indefinite  number  of  generations,  provided  the  requisite  external  conditions 
are  kept  up.  In  this  way  arise  what  are  called  Races,  series  of  individuals 
connected  by  common  characters  and  by  generation,  like  species;  but, 
unlike  them,  liable  to  lose,  in  one  or  a  few  generations,  under  change  of 
conditions,  part  or  all  of  the  essential  characters  by  which  they  are  distin- 
guished. We  have  examples  of  such  races  in  most  of  our  esculent  vege- 
tables, especially  in  the  many  varieties  of  form,  more  or  less  permanent, 
derived  from  the  wild  Cabbage  (Brassica  oleracea). 

These,  together  with  Hybrids,  or  the  produce  of  cross-fertilization 
between  individuals  of  distinct  species,  will  be  referred  to  again  among  the 
phenomena  of  the  Physiology  of  Reproduction.  The  determination  of  the 
limits  of  species  is  greatly  obstructed  in  many  cases  by  the  frequent 
occurrence  of  varieties,  and  more  particularly  of  races — to  which  hybrids 
add  another  complication,  probably  of  less  importance  than  many  modem 
authors  suppose.  It  appears  probable  that,  the  number  of  real  species  is 
far  smaller  than  is  usually  supposed,  and  that  many  races,  and  a  large 
number  of  frequently  recurring  varieties,  hold  a  place  in  our  existing  lists 
of  species. 

312.  In  the  foregoing  paragraphs  we  have  endeavoured  to  define 
and  explain  the  universal  idea  of  species,  or  kinds,  in  its  peculiar 
acceptation  in  natural  history,  more  particularly  in  Botany.  A  species 
includes  all  the  individuals  that  agree  in  all  their  constant  characters. 
If  distinct  species  exist,  it  is  clear  that  they,  on  the  other  hand, 
must  differ  in  their  constant  characters.  But  whenever  we  examine 
a  large  assemblage  of  distinct  species,  we  shall  find  that  certain 
of  these  agree  with  certain  others  more  closely  than  with  the  rest ; 
so  that  we  may  parcel  them  out  into  groups,  in  each  of  which 
we  shall  find  an  agreement  in  a  number  of  common  characters, 
by  which  it  is  also  distinguishable  from  the  other  groups.  Gene- 
rally speaking,  we  shall  find  that  we  can  place  together  a  number 
of  species  agreeing  closely  in  the  essential  plan  of  construction  of 
their  floral  organs,  while  they  differ  in  the  forms  and  duration  of 
their  vegetative  organs  &c.  Groups  of  this  kind  are  called  genera  ; 
and  the  notion  of  a  genus,  like  that  of  species,  is  not  only  common 
to  all  departments  of  human  knowledge,  but  it  is  also  existent 
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in  the  lnngungo  of  common  life  in  its  special  natural-history  sense, 
only  requiring  for  scientific  purposes  to  be  more  strictly  denned. 
In  every  language  we  find  generic  names  applied  to  plants,  such  as 
Willow,  Rose,  Violet,  and  a  hundred  others,  each  of  which  terms  is 
indicative  of  a  group  of  kinds  or  species,  more  or  less  extensive  in 
different  cases,  corresponding  exactly  in  its  logical  value  to  the 
genus  of  the  botanist. 

Some  of  these  groups  are  characterized  by  very  striking  peculiarities, 
so  that  even  the  genera  of  vulgar  language  correspond  very  nearly  with 
those  of  the  botanist ;  but  in  the  generality  of  cases  the  popular  collective 
names  are  applied  on  superficial  grounds  of  resemblance,  and  include 
widely  diverse  species.  For  example,  the  term  Violet  is  made  to  bind 
together  not  merely  the  common  scented  and  other  true  Violets,  but  the 
Dame's  Violet  (Hesperis),  a  plant  of  the  Cabbage  family,  the  Calathian 
Violet  (Gentiana  Pneumonanthe),  a  true  and  characteristic  Gentian,  the 
Dog's-tooth  Violet  (Erythronium  Dens- Cants),  a  plant  of  the  Lily  family, 
&c. ;  while  the  term  Rose  is  extended  from  true  Roses  to  Cisti,  or  Rock- 
roses,  Rhododendrons,  Alpine  Roses,  &c.  Still  some  real  genera  are 
characterized  in  a  sufficiently  marked  way  for  most  of  their  constituent 
species  to  be  recognized  as  such  pretty  readily,  after  a  very  small  amount 
of  attentive  examination,  as,  for  example,  true  Roses,  Willows,  Pinks,  &c. ; 
and  we  call  such  genera,  including  species  of  a  very  marked  similarity, 
"  natural  genera  "  par  excellence.  On  the  other  hand,  the  principle  of  com- 
bination which  accords  with  the  intuitive  classification  in  those  natural 
genera  leads  to  the  establishment  of  other  genera  wherein  the  species 
seem  at  first  sight  to  differ  widely,  of  which  we  could  not  have  a  better 
example  than  in  the  genus  Euphorbia,  where  our  native  species  are  incon- 
spicuous herbs,  while  the  tropics  afford  species  with  large  spiny  Cactus- 
like trunks,  &c. 

Moreover  the  carrying  out  of  the  same  principle  leads  in  certain  cases 
to  the  generic  separation  of  species  which  present  close  agreement  in 
their  general  characters,  but  are  distributable  into  a  number  of  groups 
characterized  by  very  decided  morphological  diversities  in  important 
parts  of  their  floral  organs.  Thus,  in  the  UnibelliferEe,  the  Composite,  the 
Grasses,  and  some  other  families,  we  separate  generically  species  which 
have  a  great  resemblance  in  the  majority  of  their  characters.  This  happens 
especially  in  what  are  called  very  natural  families  of  plants,  large  assem- 
blages of  genera  evidently  connected  with  each  other  by  the  presence  of 
some  very  marked  peculiarity,  such  as  the  Umbelliferous  inflorescence, 
the  Papilionaceous  corolla  of  the  Leguminosne,  the  Capitulous  inflorescence 
of  the  Composite,  the  peculiar  spikelets  in  the  Grasses,  &c.  On  the  other 
hand,  the  "  natural  genera  "  occur  mostly  where  the  character  of  the  natural 
familv  is  more  lax  and  flexible,  as  in  the  Ranunculacese,  Rosacea},  &c. 

In  'the  present  state  of  knowledge,  it  must  be  admitted  that  a  large 
portion  of  our  generic  distinctions  are  somewhat  arbitrary,  and  that  the 
species  included  in  some  genera  agree  together  much  more  closely  than 
those  combined  under  other  generic  heads.  At  the  same  time  it  cannot 
be  doubted  that  some  genera  are  really  far  more  extensively  represented 
by  species  than  others;  so  that  the  mere  number  of  kinds  included  m  a 
genus  is  to  be  totally  neglected  in  a  natural  classification ;  and  many  recent 
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authors  have  done  disservice  to  science  in  general  by  splitting  up  large 
natural  genera  on  slight  characters  for  the  convenience  of  systematists 
It  is  far  more  instructive  to  keep  together  the  members  of  large  natural 
genera,  like  Ficus,  Erica,  Begonia,  &c,  than  to  subdivide  them  under 
names  which  disguise  their  relations ;  and  the  convenience  of  systematists 
may  always  be  sufficiently  regarded  by  the  establishment  of  sections  in 
extensive  descriptive  works. 

313.  Genera  are  groups  of  species  associated  on  account  of  agree- 
ment in  the  essential  characters  of  their  floral  organs ;  but  here,  as 
elsewhere  in  nature,  variations  from  our  abstract  types  must,  to  a 
certain  extent,  be  admitted.  Some  undoubtedly  natural  genera  in- 
clude species  with  their  floral  organs  varying  in  certain  particulars 
more  than  is  usual  in  groups  associated  under  a  common  type,  some- 
what as  certain  species  admit  of  a  wider  range  of  variation  than 
others.  Here,  again,  physiological  characters  become  of  value  ;  and 
as  in  species  we  regard  the  fertility  of  the  seeds  produced  by  un- 
limited cross-breeding  between  the  varieties  as  a  proof  of  these  being 
individuals  of  the  same  species,  so  with  regard  to  genera  it  is  com- 
monly held  that  a  generic  connexion  between  diverse  species  is 
indicated  by  the  capability  of  producing  hybrids  by  cross-breeding. 
These  true  hybrids  produced  between  distinct  species  of  the  same 
genus  are  barren,  or  can  only  breed  with  individuals  of  one  of  the 
parent  species,  which  Boon  eliminates  the  cross,  and  leads  to  a  com- 
plete reversion  to  that  species. 

This  physiological  test  is  consonant  with  morphological  evidence.  In- 
dividuals of  the  same  species  are  capable  of  indiscriminate  fertilization 
because  they  are  exactly  alike  in  all  essentials  of  structure.  In  hybrids 
produced  between  two  species  of  a  genus,  the  parents  agxee  sufficiently  in 
structure  to  allow  of  their  producing  a  few  fertile  seeds,  but  the  plants 
raised  from  these  seeds  contain  two  contradictory  impulses,  which  so  far 
prevent  the  perfection  of  their  organization  that  they  remain  barren. 

314.  [The  above  remarks  on  the  nature  of  species  were  penned 
before  the  publication  of  Mr.  Darwin's  work  on  the  '  Origin  of  Species.' 
It  is  of  course  impossible  to  say  to  what  extent,  if  at  all,  Professor 
Henfrey's  views  on  these  points  would  have  been  modified  by  the  pub- 
lications of  Darwin,  Herbert  Spencer,  "Wallace,  and  other  advocates  of 
what  is  termed  the  hypothesis  of  the  derivative  origin  of  species ;  hence 
it  has  been  deemed  preferable  to  retain  Professor  Henfrey's  opinion 
as  above  expressed,  without  addition  or  modification.  It  is  neverthe- 
less desirable  to  state  succinctly  the  views  now  held  by  a  large  number 
of  naturalists  as  to  the  origin  and  progress  of  the  aggregates  or  forms 
called  species.  Assuming,  then,  the  existence  at  this  present  epoch 
of  certain  aggregates  of  individual  plants  which  may  conveniently  be 
called  species,  these  species  are,  on  the  derivative  hypothesis,  sup- 
posed to  have  originated  from  other  preexistent  species,  and  these 
again  from  others ;  so  that  in  the  beginning,  it  is  surmised,  there 
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were  but  a  very  few  primordial  forms,  from  which  all  existing 
species  have  been  derived,  just  as  individuals  may  be  traced  back 
to  a  common  parent  stock. 

Supposing  species  to  have  originated  in  this  way,  the  question  then 
arises  as  to  what  causes  have  produced  the  modifications.  Where 
on  this  hypothesis,  there  were  originally  a  very  few,  or  perhaps  a 
single  primordial  form,  to  which  all  then  existing  individuals  might 
be  referred,  there  is  now  an  infinite  number  of  forms  both  in  the 
animal  and  vegetable  kingdoms.  How  have  these  forms  arisen  ?  To 
this  question  the  answer  given  by  various  naturalists  has  been 
different. 

By  some  the  variations  have  been  attributed  to  the  influence  of 
external  conditions  ;  by  Darwin  to  an  innate  tendency,  producing 
variations  of  structure,  some  of  which,  under  given  circumstances, 
would  be  favourable  to  the  progress  and  development  of  the  individual, 
and  others  not  so.  In  the  battle  of  life,  the  struggle  constantly 
going  on  in  animated  nature,  those  variations  most  advantageous  to 
the  organism  in  its  competition  with  others  would  be  preserved  by 
"natural  selection,"  while  other  variations  of  less  advantageous 
character  would  be  obliterated  or  not  perpetuated.  Hence  the 
victory  would  be  to  the  strongest,  the  weakest  would  go  to  the  wall, 
and  the  result  would  be,  in  Mr.  Spencer's  language,  "  the  survival  of 
the  fittest."  It  will  thus  be  seen  that  on  this  hypothesis  species 
are  not  considered  immutable,  and  variations,  especially  such  as 
are  advantageous  to  the  organisms,  are  regarded  as  the  starting- 
points  of  new  species.  With  reference  to  these  points  the  student 
will  do  well  to  bear  in  mind  that  these  and  kindred  speculations  are 
not  to  be  treated  as  dogmas  or  creeds,  but  as  means  to  an  end,  and  that 
end  the  more  perfect  knowledge  of  the  origin  and  relation  of  existing 
forms.  Any  hypothesis  or  theory  -which  will  serve  to  correlate  and 
bind  together  a  number  of  otherwise  isolated  facts  and  explain  their 
interdependence,  is  valuable  not  only  for  what  it  effects  at  the 
time,  but  as  a  focus  around  which  other  facts  may  in  future  be 
gathered.  That  hypothesis  is  best  which  serves  to  give  a  rational 
explanation  of  the  largest  number  of  observed  phenomena  of  the 
greatest  importance.  Tried  by  this  test,  the  Darwinian  hypothesis, 
or,  rather,  the  theory  of  evolution,  has  great  advantages,  and  presents 
on  the  whole  fewer  difficulties  and  less  inconsistencies  than  the  older 
hypothesis  of  separate  creation  of  each  species.  Particularly  does 
this  seem  true  in  the  case  of  the  subject  now  before  us — the  classi- 
fication of  plants.  The  admission  of  the  principle  of  filiation  and 
genealogical  descent  gives  the  natural  system  of  classification  a 
clearer  claim  to  its  title  of  "  natural "  than  it  had  before,  supplies 
the  explanation  of  a  vast  number  of  phenomena  otherwise  inexpli- 
cable, and  offers  plausible  and  valid  reasons  for  the  existence  of  facts 
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and  processes  that  were  previously  considered  either  unintelligible  or 
purposeless  modifications  of  an  assumed  structural  type._  The  portion 
of  Mr.  Darwin's  hypothesis  which  has  perhaps  received  the  least 
amount  of  assent  has  been  that  relating  to  natural  selection.  The 
idea  was  based  on  that  artificial  process  of  selection  by  means  of 
which  man  has  been  enabled  progressively  to  improve  and  perpetuate 
the  different  forms  of  domestic  animals  and  cultivated  plants.  _  In  the 
latter  case  the  horticulturist  is  ever  on 'the  look-out  for  variations. 
If  he  sees  one  that  suits  his  purpose,  such,  for  instance,  as  a  form 
producing  larger  flowers  than  ordinary,  he  does  all  that  he  can  to  per- 
petuate that  variety  by  carefully  selecting  seed  from  it,  at  the  same 
time  that  he  destroys  or  neglects  other  less  desirable  variations.  In 
this  manner,  after  a  time,  the  selected  variety  becomes  "  fixed,"  and 
a  "  race  "  is  formed.  On  the  Darwinian  hypothesis  a  selective  process 
is  supposed  to  occur  naturally,  similar  to  that  employed  by  the 
gardener  or  agriculturist  as  just  explained,  such  selection  or  elimina- 
tion resulting,  as  before  said,  in  the  survival  of  the  fittest.] 

Sect.  2.  Nomenclature. 

315.  The  Terminology  of  Botany  establishes  exact  rules  for  naming 
the  parts  or  organs  of  plants,  and  the  different  characteristics  which 
those  organs  present.  Nomenclature  deals  with  the  naming  of  plants 
themselves  as  members  or  parts  of  the  Yegetable  Kingdom ;  and  it 
furnishes  the  rules  for  naming  the  kinds  of  plants,  and  the  various 
groups  or  assemblages  in  which  they  are  associated  in  our  systematic 
classifications  of  kinds. 

Common  and  striking  plants  possessed  names  before  the  Science  of 
Botany  existed ;  and  the  earlier  botanists  adopted  those  names ;  but  the 
natural  result  of  minute  investigation  has  been,  on  the  one  hand,  to  prove 
that  different  things  were  often  confounded  under  one  name,  and,  on  the 
other,  to  ascertain  the  existence  of  multitudes  of  plants  previously  un- 
known, and  for  which  no  names  existed.  For  a  long  period  the  wants  of 
botanists  in  this  respect  were  supplied  somewhat  irregularly — either  by 
associating  characteristic  adjectives  or  descriptive  sentences  with  existing 
names,  or,  where  a  decided  generic  distinction  was  manifest,  by  the  in- 
vention of  new  names,  which  laid  the  foundation  of  a  purely  technical 
nomenclature. 

It  lias  been  remarked  in  a  preceding  section  that  the  groundwork  of 
the  scientific  idea  of  a  genus  exists  in  common  language ;  and  we  find  that 
names  applied  to  collections  of  kinds  abound  in  the  languages  of  all  races 
of  men  wfiich  have  made  any  considerable  progress  in  intellectual  culture. 
In  most,  if  not  all,  languages  there  is  a  strong  tendency  to  give  them  a 
substantive  value,  and  to  separate  the  included  species  by  adjectival  quali- 
rying  names.  It  is  true  that  these  generic  substantives  must  be  founded 
in  the  first  instance  on  the  observation  of  a  simple  kind  ;  but,  in  the  im- 
perfection of  early  observation,  the  term  is  extended  by  generalization 
long  beiore  the  peculiar  characteristics  of  the  included  species  are  clearly 
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discriminated.  Hence  we  find  the  majority  of  the  plants  named  in  the 
oldest  writers,  and  in  the  language  of  common  life,  designated  in  the  first 
place  according  to  supposed  generic  characters,  and  only  secondarily 
according  to  specific  differences. 

316.  Botanists  accept  the  rule  of  nomenclature  given  by  common 
language,  which  makes  the  generic  name  the  basis  of  the  name  of  all 
species.  In  respect  to  this,  then,  interference  is  restricted  to  the 
clear  distinction  and  rigid  limitation  of  groups  which  are  combined 
under  generic  names. 

317.  In  respect  to  species,  however,  it  was  long  ago  found  that  no 
mere  modification  of  the  rules  of  ordinary  language  would  suffice  to 
bring  the  nomenclature  of  plants  into  that  definite  and  simple  con- 
dition which  is  one  of  the  primary  conditions  of  scientific  progress  ; 
and  the  immortal  Linnaeus,  who  effected  such  a  fruitful  revolution  in 
descriptive  natural  history  by  the  establishment  of  a  fixed  and  rational 
terminology,  furnished  one  of  the  most  valuable  instruments  for  the 
promotion  of  philosophical  natural  history  when  he  propounded  the 
now  universally  adopted  scheme  of  the  binomial  nomenclature.  De- 
parting from  the  inconvenient  and  illogical  principle  that  the  name  of  a 
thing  should  be  a  description  of  it,  he  carried  out  the  method  of  abstrac- 
tion from  the  genus  to  the  species,  and  made  a  single  word  serve  the 
purpose  of  a  sign  at  once  of  specific  value  and  of  specific  peculiarity. 

The  primary  rule  in  botanical  (and  zoological)  nomenclature  is,  that 
every  species  shall  have  a  particular  name,  compounded  of  a  substantive 
and  an  adjective  (or  substantive  used  adjectively),  whereof  the  former 
indicates  the  genus,  and  the  latter  the  species. 

This  rule  of  naming  may  he  compared  with  the  common  usage  of  sur- 
names and  christian  names,  the  former  indicating  the  family  to  which  a 
man  belongs,  while  the  latter  admits  of  his  being  spoken  or  written  about 
without  the  necessity  of  adverting,  except  for  special  purposes,  to  his  per- 
sonal peculiarities  or  his  relationship  to  the  other  members  of  his  family. 

318.  These  scientific  names  of  plants  were  originally  estabbshed 
in  Latin,  because  Latin  was  the  general  language  of  science  at  the 
time  they  were  introduced,  and  they  will  be  retained  with  advantage 
so  long  as  diversity  of  language  exists,  since  they  ensure  to  all  plants 
and  animals  names  which  have  universal  acceptation,"  and  which, 
like  the  Arabic  numerals  1,  2,  3,  &c.,  are  equally  comprehensible  to 
the  educated  of  all  nations. 

"With  regard  to  what  are  called  "vulgar"  names  of  plants,  much  stress 
is  laid  by  some  writers  on  the  desirableness  of  possessing  a  name  in  the 
ordinary  language  of  each  country.  It  seems  to  us  that  while  a  real  ad- 
vantage exists  in  ascertaining  the  scientific  value  or  synonym  of  the 
vul«u?  names  which  from  long  use  form  a  real  part  of  a  language,  none  is 
Rained  bY  making  fresh  names,  by  translating  the  Latin  names  or  other- 
wise, for  species  not  previously  recognized  by  ordinary  persons :  the  use 
of  such  pseudo-vulgar  names  in  poetry  or  other  imaginative  literature  is 


NOMENCLATURE. 


165 


equally  pedantic  and  inharmonious  with  that  of  Latin  terms  j  and  where 
exact  ideas  are  to  be  communicated,  the  technical  Latin  names  are  less 
equivocal,  and  generally  preferable  on  the  score  of  brevity  and  simplicity. 

If  all  generic  names  were  significant  of  striking  peculiarities,  more 
mio-ht  be  said  in  favour  of  translated  names ;  but  such  is  not  and  cannot 
be  the  case,  and  hence  the  slight  amount  of  information  possible  to  be 
conveyed  in  this  way  to  the  uneducated  should  not  weigh  at  all  against 
the  enormous  inconvenience  and  confusion  which  would  occur  to  science 
from  the  adoption  of  a  complete  set  of  vernacular  synonyms  for  general 
use  in  each  language.  Sufficient  inconvenience  is  felt  in  this  respect  by 
foreigners,  from  the  favour  with  which  a  pure  and  idiomatic  vernacular 
terminology  and  nomenclature  is  regarded  by  German  naturalists,  to  serve 
as  a  warning  to  those  who  would  introduce  it  elsewhere. 

319.  The  substantive  names  of  genera  have  been  and  are  still 
formed  very  arbitrarily,  and  without  any  generally  recognized 
principle. 

All  those  which  have  been  identified  as  known  to  the  ancients  are 
called  by  their  classic  names,  such  as  Primus,  Myrtus,  Quercus,  Thymus, 
&c,  the  etymology  of  which  is  more  or  less  obscure  in  various  cases.  A 
very  large  proportion  of  modern  generic  names  are  founded  upon  com- 
binations of  Latin  and,  more  particularly,  Greek  words  indicating  some 
obvious  external  peculiarity,  or  some  property  possessed,  or  supposed  to  be 
possessed,  by  the  plants ;  but  the  application  of  this  principle  has  often 
been  carried  out  without  accurate  knowledge,  and  without  happiness  in 
selection,  so  that  many  such  names  are  but  little  characteristic,  and  would 
often  apply  more  correctly  to  other  genera.  Those,  on  the  contrary,  which 
are  well  chosen  afford  a  certain  assistance  to  the  memory ;  examples  of  such 
names,  founded  on  structure,  occur  in : — Lithospermum,  so  called  from  its 
stony  fruit  (or  supposed  seed) ;  Campanula,  from  its  bell-shaped  corolla  ; 
Sayittaria,  from  its  arrow-shaped  leaves,  &c. :  on  qualities,  in  Glycyrrhiza 
(Liquorice),  from  its  sweet  rhizome;  Rubia  (Madder),  from  yielding 
a  red  dye  ;  Lactuca  (Lettuce),  from  its  milky  juice,  &c. :  or  on  accustomed 
station,  as  Armaria,  Epidendrum,  &c. :  others  have  derived  their  names 
from  supposed  medicinal  powers,  such  as  Pulmonaria,  Scrophularia,  &c. 

Another  large  class  of  generic  names  is  founded  on  proper  names 
either  of  mythological  or  real  personages,  more  especially  distinguished 
botanists,  to  whom  the  genera  are  dedicated.  LiunEeus  drew  largely 
upon  classical  mythology  and  legendary  histoiy  as  a  ready  source  of 
diverse  names  for  the  many  newly  defined  genera  he  had  to  deal  with ; 
and  the  names  Iris,  Artemisia,  Amaryllis,  Narcissus,  &c.  stand  out  strongly 
in  their  euphony  from  most  of  those  founded  on  modern  names ;  such 
names,  however,  as  Linncea,  Lobelia,  Eioscorea,  Magnolia  go  far  to  rescue 
the  principle  of  naming  genera  after  botanists  and  their  patrons  from  the 
opprobrium  brought  upon  it  by  such  as  Schumacheria,  Schiceyckherta,  Ra- 
zoumoioskia,  Eschscholtzia,  and  the  like,  and  will  probably  be  preferred  by 
most  persons  even  to  such  "  characteristic  "  names  as  Pleuroschismatypus 
OxystophyUum,  Paehyptcrygium,  Glischrocaryon,  &c. 

In  face  of  these  last,  the  pseudo-Latin  barbarisms  Thea,  Cofcea,  Bam- 
busa,  which  preserve  the  original  native  names  of  plants,  become  no 
longer  uncouth. 
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320.  Specific  names  are  always  either  adjectives,  or  substantives 
used  adjectively.  When  they  are  adjectives,  they  must  of  course  be 
made  to  agree  with  the  substantive  ;  and  it  may  be  recalled  to  recol- 
lection that  in  Latin  all  names  of  trees  are  feminine,  whatever  may 
be  the  termination. 

In  the  majority  of  cases,  the  specific  names  are  selected  on  similar 
grounds  to  the  generic.  Attempts  are  very  commonly  made  to  render 
the  name  characteristic,  a  proceeding  which  in  many  cases  affords  a 
certain  advantage ;  but  when,  on  the  contrary,  it  is  carried  out  in  im- 

{ierfect  acquaintance  with  the  species  of  large  genera,  it  leads  to  con- 
Lision.  Sometimes  these  names  indicate  the  character  of  the  leaves,  as 
in  Tilia  grandifolia  and  parvifolia,  Mentha  rotundifolia ;  or  the  existence 
of  a  definite  number,  as  in  Platanthera  bifolia,  Paris  quadrifolia,  &c.  ;  or 
the  character  of  the  hiflorescence,  as  Butomus  umbellatus,  B  ramus  race- 
mosus,  &c.  Or  the  "  habit  "  of  a  species  is  indicated  by  such  adjectives 
as  major,  minor,  pusillus,  nanus,  gracilis,  scandens,  &c. ;  or  its  duration,  as 
by  annua,  perennis,  &c. ;  and  in  some  cases  comparisons  with  other  plants 
are  marked,  as  in  Ranunculus  aconitifolius,  Acer  platano ides,  &c. 

Generally  speaking,  the  colour  of  flowers  is  too  variable  for  specific 
distinctions ;  but  nevertheless  many  species  are  named  from  their  usual 
or  constant  colour,  as  Gentiana  lutea,  Lamium  album  and  purpureum, 
Digitalis  purpurea,  &c. 

Station,  i.  e.  kind  of  soil  or  place  inhabited  by  a  plant,  is  another  source 
of  names,  as  arvensis  (common  on  ploughed  land),  agrestis,  hortensis  (on 
cultivated  ground  generally),  pratensis  (in  meadows),  sylvestris  or  sylva- 
ticus  (in  woods),  palustris  (in  swamps),  aquaticus  (in  or  about  water),  and 
sativus,  a  term  commonly  applied  to  kinds  regularly  cultivated  from  seed. 
Most  of  these  terms  are  applied  vaguely,  and  a  similar  want  of  accuracy 
in  the  implied  idea  affects  many  of  the  names  founded  on  the  places 
where  plants  have  been  first  observed,  such  as  Silene  gaUioa,  St  achy  s  ger- 
manica,  Genista  anglica,  &c,  none  of  which  are  peculiar  to  the  countries 
named,  though  they  may,  in  the  first  instance,  have  been  considered  to 
be  so. 

Such  names  as  odorata,  suaveolens,  fcetida,  Sic,  expressing  marked 
qualities,  were  formerly  much  used;  and  the  adjective  officinalis  is  found 
applied  to  a  host  of  plants  formerly  valued  by  the  herbalists  for  some  sup- 
posed medicina.  or  economical  property. 

Substantive  names  used  adjectively  are  mostly  names  of  abolished 
genera,  retained  in  association  with  the  new  generic  term,  as  Ranunculus 
Flammula,  Pyrus  Malus,  Matricaria  Chamomilla,  Primus  Cerasus,  &c.,— 
these  old  generic  terms  being  in  a  few  cases  double,  as  Adiantum 
"  Capillus-Vcneris,"  Lychnis  "  Flos-cuculi,"  &c.  Or  substantive  _  proper 
names  are  used  in  the  genitive  case,  as  Limnocharis  Humboldtu,  Viola 
Nuttallii,  Galium  Vaillantii.  The  dedication  to  distinguished  persons  may, 
however,  be  effected  by  adjectival  terms,  as  Sali.v  Domana,  &c,  the  use 
of  the  genitive  noun  being  more  strictly  appropriate  when  it  is  the  name 
of  the  discoverer  or  first  describer  of  a  species,  the  termination  anus  con- 
veying a  mere  compliment  and  not  necessarily  implying  that  the  person 
to  whose  name  it  is  affixed  had  any  thing  to  do  with  the  particular  plant 
in  question. 
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321.  If  the  rules  of  scientific  nomenclature  were  strictly  enforced 
under  the  direction  of  a  single  authority,  each  plant  would  have  but 
one  name  (composed  of  the  generic  and  specific  appellations),  and 
this  name  would  be  indissolubly  and  unequivocally  connected  with 
the  idea  of  the  peculiar  species.  But  it  happens  practically  that 
such  is  not  the  fact,  and  this  for  reasons  necessarily  affecting  various 
cases.  Not  unfrequently  it  happens  that  a  plant  possesses  more  than 
one  specific  name,  which  may  arise  from  an  author  naming  it  a 
second  time,  through  entire  ignorance  of  its  having  been  previously 
observed,  or  from  his  erroneously  supposing  a  particular  form  to  be 
distinct  from  the  already  known  and  named  species.  Almost  as 
frequently  in  the  present  day  do  we  find  a  distinctly  recognized 
species  denominated  by  more  than  one  generic  name,  while  the  specific 
appellation  remains  the  same,  this  ambiguity  arising  from  difference 
of  opinion  as  to  the  limits  of  genera,  and  consequently  as  to  the  group 
to  which  particular  species  are  to  be  referred. 

To  ensure  accuracy,  therefore,  it  becomes  necessary,  whenever 
the  name  of  a  plant  is  mentioned  in  a  scientific  work,  that  the 
authority  for  the  name  (that  is,  the  author  who  originated  it,  or 
whose  peculiar  application  of  it  we  adopt)  should  be  indicated. 
This  is  done  by  subjoining  an  abbreviation  of  his  name.  Thus, 
Bellis  perennis,  Linn.,  or  L. ;  Inula  Conyza,  DC. ;  Pulicaria  vulgaris, 
Gaertn.,  signify  that  we  mean  the  species  which  were  defined  under 
those  names  by  Linnaeus,  DeCandolle,  and  Gaertner,  respectively. 
In  like  manner  it  is  requisite,  in  the  majority  of  cases,  where  the 
name  of  a  genus  is  mentioned,  to  indicate  the  authority,  since  many 
of  the  older  genera  of  Linnaeus  and  others  have  been  broken  up  into 
a  number  of  groups,  and  the  original  name  restricted  to  one  of  these 
more  limited  assemblages. 

322.  The  superfluous  or  incorrect  names  which  exist  in  many 
cases  cannot  be  neglected  where  they  have  once  acquired  a  certain 
currency,  because  a  certain  amount  of  existing  knowledge  is  con- 
nected with  these  names  in  the  works  of  the  writers  who  have  used 
them.  Hence  arises  the  necessity  of  enumerating  the  synonyms  of 
plants.  The  citation  of  synonyms  is  of  course  unnecessary  in 
general  eases,  where  the  names  of  plants  are  incidentally  mentioned, 
so  long  as  the  authority  for  the  name  is  given  ;  but  in  Systematic 
works,  such  as  Descriptions  of  the  plants  of  a  country  or  province, 
or  Monographs  upon  particular  groups  of  plants,  it  is  part  of  an 
author's  duty  to  ascertain  and  indicate  all  the  names  which  have 
been  applied  to  the  particular  forms,  and  the  exact  senses  in  which 
different  names  have  been  employed.  The  synonyms  subjoined  to  a 
specific  name  may  indicate  : — 1,  that  the  same  species  has  received 
different  nam<$s  from  different  authors ;  2,  that  a  selected  specific 
name  includes  the  several  supposed  or  real  species  enumerated  under 
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it ;  3,  that  the  species  has  been  removed  from  a  genus  to  which  it 
was  formerly  referred  ;  4,  that  a  particular  view  is  taken  both  of  the 
generic  and  specific  value  of  a  plant  concerning  which  opinions  have 
varied  in  both  particulars. 

The  following  examples  may  serve  to  illustrate  this : — 

1.  The  name  Galium  verum,  L.,  has  simple  priority,  and  there- 
fore preference  over  G.  luteum,  Lamarck,  indicating  the  same  species, 
which  was  accidentally  or  erroneously  named  by  the  latter  author 
after  Linnaeus  had  given  it  an  appellation. 

2.  Agrostis  alba,  L.,  includes  A.  compressa,  Willd.,  A.  gigantea, 
Eoth,  A.  stolonifera,  L.  (in  part),  &c. ;  these  latter  have  been  mis- 
takenly separated  from  it  or  subsequently  named  without  knowledge 
of  the  identity. 

3.  Castanea  vulgaris,  Lam.,  is  now  substituted  for  Fagus  Cas- 
tanea, L.,  as  the  genus  Castanea  is  now  regarded  as  distinct  from 
Fagus.  In  many  cases  we  find  a  distinct  generic  name  given  as  a 
synonym  where  it  is  really  more  recent,  but  is  rejected  in  favour  of 
the  older  on  the  ground  that  the  more  recent  generic  separation  is 
not  approved  of;  for  instance,  Apargia  autumnalis,  Willd.  (Oporinia 
autumnalis,  Don). 

4.  Catabrosa  aquatica,  Beauv.,  is  named  in  diverse  works  Aira 
aquatica,  L.,  Molinia  aquatica,  Wibel.,  Poa  airoides,  Koel.,  Glyceria 
aquatica,  Presl,  &c. 

The  multitudinous  synonyms  which  fall  under  the  last  category  are 
attributable  to  the  excessive  tendency  of  modern  writers  to  multiply  genera 
on  slight  grounds.  Such  minor  subdivisions  are  far  better  restricted  to 
extensive  systematic  works,  on  the  plan  adopted  in  DeCandolle's  "  Pro- 
dronius,"  providing  them  with  sectional  names  for  the  exclusive  use 
of  systematists,  and  preserving  the  more  general  name  for  common 
purposes. 

323.  The  varieties  of  species  are  noticed  in  descriptive  works 
when  of  frequent  occurrence,  and  then  are  either  simply  indicated 
by  the  letters  of  the  Greek  alphabet,  or  have  an  additional  adjective 
name  like  the  species,  which  plan  is  especially  followed  in  lists  of 
garden  varieties.  In  such  cases  either  the  ordinarily  occurring  form 
is  taken  as  the  type,  and  the  series  of  occasional  varieties  begun 
with  /3,  as — 

Sambucus  nigra,  L.   ,  var.  (i.  leaflets  laciniatcd  (Hooker  & 

Arnott). 

or,  Sambucus  nigra,  L.    |3.  virescens  (fruit  green).   - 

y.  levcocarpa  (fruit  white).   S.  laciniata  (leaflets  laci- 
niatcd).  e.  variegata  (leaves  with  white  streaks),  Koch. 

Or  if  the  species  is  variable  and  no  one  form  is  considered  typical, 
the  series  begins  with  a,  thus  : —  ^ 

Fedia  dentata  (Hooker  &  Arnott).   a  (  Valerianella  Mon- 
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sonii,  DC).    |8  (Fedia  mixta,  Vahl).    y  (^«- 

eKa  eriocarpa,  Bcem.  &  Sch.). 
The  nomenclature  of  cultivated  plants  is  fruitful  in  examples  of  named 
varieties  in  large  numbers  belonging  to  particular  species,  such  as  Clarkia 
pulchella  alba,  C.  pulchella  rosea,  &c.  &c.  5  but  these  names  are  often  applied 
without  scientific  exactitude. 

324.  Hybrids  are  named  according  to  certain  rules  when  they  occur 
frequently  wild  or,  if  obtained  artificially,  when  they  are  propagated 
by  cuttings,  bulbs,  &c.  The  names  of  the  two  parent  species  are  com- 
bined, thus  : —  Verbascum  nigro-Lycfmitis,  ahybrid  between  V.  nigrum 
and  V.  Lyclmitis.  With  regard  to  artificially  produced  hybrids,  it  is 
possible  to  indicate  the  parentage  with  more  accuracy,  and  the  name 
of  the  seeding-plant  stands  before  that  which  yields  the  pollen,  as 
Amaryllis  vittato-regince,  the  form  produced  when  the  ovules  of 
A.  vittata  are  fertilized  by  the  pollen  of  A.  reginai,  and  vice  versa. 
Where  a  plant  is  known  to  be  of  hybrid  origin,  it  is  a  good  plan  to 
indicate  the  fact  by  prefixing  x  to  the  name. 

325.  The  nomenclature  of  the  groups  above  genera  is  of  less  im- 
portance than  that  of  genera  and  species,  and  is  dealt  with  more 
independently  by  individual  writers.  Artificial  groups  are  generally 
named  from  the  character  on  which  they  are  founded,  as  in  the 
case  of  the  Linnean  classes  and  orders,  which  will  be  explained  in  a 
subsequent  section.  The  same  is  the  case  with  the  artificial  divisions 
which  are  used  in  most  Natural  Arrangements  for  conveniently  sub- 
dividing large  assemblages  of  Families  or  Orders,  such  as  Thalami- 
jlora,  &c.  of  De  Candolle,  Polypetalw  &c.  of  Jussieu.  But  as  the 
essence  of  the  Natural  Arrangement  of  plants  lies  in  the  combination 
of  forms  according  to  the  majority  of  points  of  likeness,  or  general 
character,  we  are  not  necessarily  restricted  by  any  definite  character 
in  the  selection  of  the  name ;  and  in  regard  to  the  Natural  Orders, 
great  diversity  of  principle  has  prevailed  in  the  application  of  the 
names,  and  even  considerable  latitude  in  the  form  given  to  them. 
There  exists,  however,  one  rule  applied  in  all  Latin  naming  of  what 
are  termed  Natural  Orders :  the  word  plantai  is  understood,  and  an 
adjective  name  agreeing  with  this  represents  the  group.  In  existing 
systems  we  find  these  adjective  names  founded  sometimes  on  a  pre- 
valent character  in  the  family,  as  (plantae)  Leguminosae,  Coniferae, 
Umbelliferse,  &c. ;  sometimes  on  the  names  of  typical  genera,  as 
Rosacea?,  Solanaceae,  Convolvulaceae ;  sometimes  on  an  existing 
general  name  derived  from  common  language,  as  Graminaceas  and 
Palmacese.  ^  A  difference  of  termination  exists  even  in  regard  to  the 
same  word  in  different  authors :  thus,  one  author  writes  Cistinea?, 
another  Cistacese,  with  the  same  meaning ;  while  others  use  the  word 
Aroidese  in  preference  to  Aracese,  or  Palma)  in  preference  to  Palmacece. 

Attempts  have  been  made  to  reduce  all  these  names  to  a  system, 
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and  to  preserve  the  same  form  of  termination  for  groups  of  the  same 
value.  Thus  it  is  proposed  to  make  the  names  of  all  Orders  end  in 
acece,  like  Kanunculaceae,  Ericaceae,  &c,  the  only  objection  to  which 
is  the  necessity  of  discarding  many  familiar  and  -well-established 
names,  and  replacing  them  by  strange  ones,  as  Apiaceae  for  Umbelli- 
ferae,  Fabaceae  for  Leguminosae,  &c.  "  Classes  "  or  "Alliances  "  again 
are  made  alike  by  using  the  terminal  form  -ales :  as  Glumales,  instead 
of  Glumacea3  or  Glumiferae,  for  the  group  composed  of  the  Orders  with 
a  glumaceous  perianth,  &c. 

326.  A  fixed  rule  does  exist  among  all  modern  writers  in  the  deno- 
mination of  suborders  or  tribes  into  which  Orders  are  divided ;  for 
these  are  founded  on  typical  genera,  the  names  of  which  are  made  to 
furnish  adjectives  by  the  substitution  of  ece  for  the  last  vowel  and 
whatever  may  follow  it :  for  example,  in  the  Order  of  the  Kanuncu- 
laceae, we  have  the  tribes  Anemonece  from  Anemone,  Ranunculece  from 
Ranunculus,  Helleborece  from  Uelleborus,  &c. ;  and  in  botanical  works 
these  names  of  tribes  are  commonly  printed  in  italics  like  those  of 
genera  and  species,  while  the  names  of  families  and  all  above  them 
are  printed  in  roman  letters. 

The  names  applied  to  the  larger  divisions  of  the  Yegetable  King- 
dom in  Natural  Arrangements  are  generally  made  as  characteristic  as 
possible ;  but,  as  will  be  shown  in  the  Section  on  Natural  Arrange- 
ments, none  of  the  single  characters  of  such  groups  are  absolute, 
and  therefore  no  name  founded  on  one  character  can  be  universally 
descriptive.  Thus  the  name  Honocotyledones  is  applied  to  a  most 
natural  group,  in  which  are,  however,  included  one  or  more  Orders, 
as  the  Orchidaceae,  in  which  the  embryo  has  no  cotyledons.  And  it 
may  be  said  that  to  an  advanced  student  it  is  far  more  beneficial  to 
regard  all  names  as  abstract  signs,  used  rather  to  indicate  certain 
plants  or  groups  of  plants  with  which  he  is  acquainted,  than  as 
expressive  of  the  characters  of  the  plants  to  which  they  are  applied. 

These  observations  on  the  nomenclature  of  the  Orders  and  higher 
groups  of  plants  are  placed  here  for  the  sake  of  connexion  with  the  re- 
mainder of  the  subject ;  but  they  will  be  better  appreciated  after  acquaint- 
ance is  made  with  the  illustrations  of  them  in  succeeding  Sections. 

Sect.  3.  Description  of  Plants. 

327.  It  is  the  business  of  every  botanist  who  distinguishes  and 
names  a  new  species  of  plant  to  furnish  an  exact  statement  of  the 
characters  by  which  it  may  be  recognized  by  others. 

The  most  complete  fulfilment  of  this  requisition  is  supplied  in 
what  is  termed  a  description  of  a  plant,  in  which  is  given  a  detailed 
account  of  the  external  form,  the  arrangement,  and  relations  of  all  its 
organs,  according  to  a  fixed  plan,  and  in  a  fixed  language,  furnished 
by  the  terminology  made  use  of  in  Morphology. 
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In  order  to  impress  upon  the  mind  of  the  student  the  principal  points 
to  he  looked  to  in  describing  a  plant,  and  thus  to  ensure  completeness  and 
accuracy  of  observation,  we  subjoin  a  list  of  the  more  salient  characteristics 
which  it  is  desirable  to  notice  in  writing  a  full  description  of  a  plant. 
Some  of  these  are  of  much  greater  importance  than  others,  inasmuch  as  they 
afTord  the  means  of  grouping  plants  into  genera,  orders,  &c,  and  furnish 
what  are  called  diagnostic  characters.  From  their  great  importance,  much 
stress  is  deservedly  laid  on  them ;  hence,  after  enumerating  the  principal 
"  characters  "  necessary  to  be  ascertained  in  drawing  up  a  full  description, 
we  shall  insert  illustrations  of  the  "  schedules  "  introduced  with  so  much 
success  for  teaching-purposes  by  the  late  Professor  Henslow,  in  which  at- 
tention is  drawn  solely  to  those  points  of  special  importance. 

It  must  also  be  borne  in  mind  that  the  terms  used  are  such  as  are  in 
general  use,  and  are  to  be  taken  in  their  conventional  sense,  and  not  as 
necessarily  expressing  the  exact  truth :  thus,  as  has  already  been  explained 
under  the  head  of  Morphology,  when  we  say  that  one  organ  is  inserted 
into  another,  it  would  be  more  correct  to  say  that  the  one  emerged  from 
the  other ;  in  the  same  way  many  cases  of  so-called  cohesion  and  adhesion 
are  shown,  by  the  study  of  the  progressive  development  of  the  flower,  to 
be  rather  cases  of  imperfect  separation  than  of  union  of  originally  distinct 


organs. 


In  describing  a  plant  fully,  a  commencement  is  made  with  the  root, 
from  which  we  proceed  to  the  stem,  leaves,  inflorescence,  flowers,  and, 
finally,  the  ripe  fruit  and  seeds. 

In  the  case  of  the  root  the  principal  points  to  be  looked  to  are : — first  as 
to  its  nature,  whether  true  or  adventitious  ;  then,  in  succession,  its  form, 
direction,  size,  degree  and  mode  of  ramification,  duration,  consistence,  sur- 
face, colour,  &c.    Similar  remarks  apply  to  the  stem  and  its  modifications. 

Leaves  require  first  to  be  noted  as  to  their  position,  radical,  cauline,  &c. ; 
insertion,  stalked  or  sessile ;  possession  or  deficiency  of  stipules  ;  arrange- 
ment, alternate,  opposite,  &c. ;  composition,  simple  or  compound ;  direction, 
duration,  texture,  colour,  and  surface.  The  blade  of  the  leaf  must  then  be 
described  as  to  its  general  form,  outline,  base,  apex,  margins,  mode  of  vena- 
tion, size  (especially  in  relation  to  the  stalk,  if  present).  The  subdivisions  of 
a  compound  leaf  must  be  treated  in  the  same  manner  as  simple  leaves. 
The  petiole  or  leaf-stalk  has  to  be  noted  as  to  its  form,  surface,  relative 
size,  &c.  Stipides,  as  far  as  practicable,  should  be  described  in  a  similar 
manner  to  the  leaves,  as  also  should,  mutatis  mutandis,  the  leaf-buds. 
In  their  case,  as  also  in  the  case  of flower-buds,  the  mode  of  vernation,  or 
of  (estivation,  as  the  case  may  be,  should  be  ascertained  and  recorded.  As 
regards  the  inflorescence,  the  principal  things  to  be  considered  are  its 
position,  direction,  relative  size  as  compared  with  the  leaf,  nature  (definite 
or  indefinite),  ramification,  form,  number  of  flowers,  duration. 

Thefloiver-stalks  follow  the  same  rule  as  the  leaf-stalks ;  but  particular 
attention  should  be  paid  to  the  top  of  the  flower-stalk  (the  thalamus) 
to  see  whether  it  be  flat,  convex,  or  concave.  The  bracts  are  described  in 
the  same  manner  as  the  leaves.  In  the  case  of  the  calyx  and  corolla, 
attention  should  be  directed  to  their  construction  (cohesion),  relative  posi- 
tion (adhesion),  form,  direction,  colour,  venation,  surface,  size,  absolute  and 
relative,  duration,  odour,  &c. 

leavediViClUal         °r  petals  sllould  be  Qescri^ed  in  tne  8ftme  "^ay  as  the 
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Stamens  should  bo  described  with  reference  to  their  insertion  (adhesion), 
cohesion  (free  or  united),  number, position,  arrangement,  size  (with  reference 
to  ene  another  and  to  the  other  parts  of  the  flower).  Filaments  present 
similar  characters  to  those  offered  by  the  leaf-stalks,  and  are  described 
accordingly.  Anthers  require  attention  as  to  their  form,  mode  of  attach  - 
ment  to  the  filament,  shape  and  number  of  their  lobes,  their  mode  of  dehis- 
cence, colour,  surface,  the  form  and  peculiarities  of  the  connective  and  of 
any  appendages  that  may  be  present.  The  form,  colour,  and  distinctness 
or  cohesion  of  the  pollen-grains  should,  if  possible,  be  stated.  This  is  not 
always  practicable  unless  recourse  be  had  to  the  compound  microscope, 
when  other  peculiarities,  then  visible,  should  be  noted,  as  will  be  further 
explained  in  the  section  on  Physiology. 

After  the  stamens,  the  characteristics  of  the  disk,  if  present,  should  be 
noted,  and  then  those  of  the  pistil  as  follows  : — number  of  the  constituent 
carpels,  their  isolation  or  cohesion  and  arrangement,  their  adhesion  and  rela- 
tive position,  form,  cavities,  partitions,  and  mode  of  placentation.  The  styles 
require  to  be  noted  with  reference  to  their  position,  number,  size  {relative 
and  absolute),  form,  surface,  colour,  &c.  Similar  remarks  apply  to  the 
stigma.  The  ovides  differ  in  their  position,  mode  of  attachment,  number, 
form,  &c.  The  fruit  follows  the  same  rules  as  the  pistil ;  but,  in  addition, 
the  texture,  mode  of  dehiscence,  and  number  of  seeds  must  be  noted. 

Seeds  are  described  much  in  the  same  way  as  ovules,  taking  care  not 
to  overlook  any  of  the  peculiarities  presented  by  the  coverings  of  the  seed 
in  the  way  of  hairs,  scales,  arils,  and  the  like :  the  interior  of  the  seed  also 
requires  special  attention,  to  see  whether  or  not  it  be  albuminous  or  exalbu- 
minous ;  if  the  former,  the  nature  and  quantity  of  the  albumen  should  be 
noted ;  and  in  any  case,  where  possible,  the  form,  position,  direction,  size  of 
the  embryo  and  its  parts,  the  nature  and  number  of  the  cotyledons,  &c. 
should  be  accurately  ascertained. 

In  the  above  remarks  we  have  had  in  view  a  complete  or  nearly  com- 
plete description.  The  student  is  recommended  to  take  any  plant  he 
meets  with,  and  endeavour  to  draw  up  a  description  of  it  with  reference 
to  the  foregoing  scheme.  In  this  manner  he  will  familiarize  himself  with 
the  main  points  of  difference  between  one  plant  or  organ  and  another,  and 
will  learn  to  apply  the  appropriate  term  to  each  modification. 

The  subjoined  description  of  the  common  white  Dead-Nettie  (Zamium 
album)  is  given  as  an  illustration  of  a  tolerably  complete  description  of 
the  external  peculiarities  of  a  plant;  it  may_ serve  as  a  model  to  the 
student  in  drawing  up  similar  descriptions.  It  is,  however,  advisable  that 
he  do  not  attempt  too  much  at  once.  A  bad  or  careless  description  is 
almost  worse  than  none  at  all ;  hence  the  beginner  is  recommended  to 
make  himself  pretty  thoroughly  acquainted  with  the  peculiarities  of  such 
organs  as  are  most  easily  studied  before  passing  on  to  organs  such  as 
ovules  &c,  which  require  some  considerable  practice  before  their  structure 
and  characteristic  features  can  be  ascertained. 

Lamium  album.— A  rather  coarse  hairy  perennial,  with  a  shortly  creeping 
stock,  from  the  joints  of  which,  especially  on  the  lower  surface,  proceed  at 
intervals  numerous  slender,  fibrous,  brownish  roots.  Stems  1-2  feet  high, 
herbaceous,  decumbent  or  ascending,  fistular,  four-sided.  Leaves  exsti- 
pulate,  opposite,  stalked,  the  upper  ones  nearly  sessile,  membranous, 
hairy,  ovate-acute  or  acuminate,  cordate,  coarsely  and  irregularly  toothed, 
unicostate,  arch-veined,  2-3  inches  long,  1-2  inches  broad.    Petiole  less 
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than  half  the  length  of  the  blade,  channelled  on  the  upper  surface,  rounded 
beneath.  Flowers  pure  white,  sessile,  in  axillary  cymose  whorls  (verti- 
ciUasters)  of  6-10  or  more.  Calyx  campanulate,  of  5  sepals,  united  below 
into  a  tube  traversed  by  10  ribs ;  'limb  divided  above  into  five  nearly  equal, 
spreading,  linear,  ciliated  segments,  of  which  the  uppermost  stands  shghtlv 
apart  from  the  others.  Corolla  white,  tubular,  bilabiate,  twice  the  length 
of  the  calyx ;  tube  curved,  ventricose,  as  long  as  or  longer  than  the  calyx, 
scabrous  inside,  with  a  ring  of  hairs  near  the  base ;  upper  lip  erect,  concave, 
notched,  hairy  on  the'  outer  surface ;  lower  lip  spreading,  3-lobed,  the 
middle  lobe  broad  and  2-lobed,  the  two  lateral  ones  smaller  and  pointed. 
Stamens  4,  didynamous,  epipetalous ;  filaments  downy,  springing  from  the 
upper  part  of  the  tube  of  the  corolla,  partially  concealed  within  the  upper 
lip.  Anthers  innate,  2-lobed ;  lobes  superposed,  oblong,  blackish,  introrse, 
dehiscing  longitudinally;  connective  covered  with  white  hairs.  Pollen 
yellowish  white.  Ovary  small,  truncate,  4-lobed,  4-celled,  encircled  at 
the  base  by  a  pale  green,  cup-like  disk.  Ovules  solitary  in  each  cell,  ana- 
tropal.  Style  single,  basilar,  thread-like,  as  long  as  the  corolla,  termi- 
nating in  a  2-lobed  stigma ;  lobes  of  the  stigma  short,  oblong,  pointed. 
Fruit  of  four,  or  fewer  by  abortion,  1-celled,  1-seeded,  indehiscent,  blackish 
shining  lobes  or  achenes.  Seeds  solitary,  erect,  inverted,  exalbuminous. 
Embryo  straight ;  cotyledons  large,  plano-convex ;  radicle  short,  inferior. 

328.  Such  descriptions  are  now  usually  given  in  a  modern  language 
when  occurring  in  works  descriptive  of  the  plants  of  particular  coun- 
tries &c.  In  general  systematic  works,  or  in  isolated  notices,  pub- 
lished in  periodicals  or  Transactions,  the  Latin  language  is  usually 
preferred. 

329.  Detailed  descriptions  are  commonly  given  only  where  new 
species  are  established,  or  when  an  uncertain  nomenclature  is  to  be 
made  clear  and  definite,  in  a  monographic  or  a  general  systematic  work. 
The  classification  of  plants  into  genera,  families,  &c,  in  the  Natural 
System,  renders  the  repetition  of  the  peculiar  marks  of  these  groups 
unnecessary  in  the  characterization  of  the  subordinate  groups  or  forms. 
For  this  reason,  characters  and  diagnoses  commonly  replace  the  com- 
plete descriptions  of  species  in  ordinary  descriptive  botanical  works, 
since,  as  the  character  of  the  genus  includes  those  peculiarities  of  the 
floral  organs  which  are  common  to  all  its  species,  and  which  con- 
stitute the  bases  of  the  genus,  it  is  only  requisite  to  connect  with 
each  species  the  character  by  which  the  species  are  distinguished  from 
each  other. 

The  following  condensed  description  of  the  white  Dead-Nettie,  from 
Bentham's  1  Handbook  of  the  British  Flora,'  will  show  how,  when  the  cha- 
racters of  the  order  and  genus  are  known,  a  faithful  portrait  of  the  species, 
and  one  comprising  the  most  conspicuous  features  only,  may  be  drawn  up. 
"A  rather  coarse  hairy  perennial,  with  a  shortly  creeping  stock,  and  decum- 
bent or  ascending  branching  stems,  seldom  above  a  foot  high.  Leaves 
stalked,  coarsely  crenate.  Flowers  pure  white,  in  close  axillary  whorls  of 
0-10  or  more,  Calyx-teeth  fine,  long,  and  spreading.  Tube  of  the  corolla 
curved  upwards,  and  longer  than  the  calyx,  with  an  oblique  contraction 
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near  the  base,  corresponding  with  a  ring  of  hairs  inside ;  the  upper  lip 
long  and  arched ;  the  lateral  lobes  of  the  lower  one  slightly  prominent, 
with  a  long  fine  tooth."  Then  follows  an  account  of  the  station  in  which 
the  plant  is  found,  and  of  its  geographical  distribution  throughout  this 
country  and  the  continent. 

330.  Having  gained  a  general  idea  of  what  points  are  to  be  looked  to  in 
drawing  up  a  description  of  a  plant,  and  having  acquired  a  familiarity  with 
the  meaning  and  application  of  terms,  it  is  particularly  desirable  that  the 
student  should  be  able  to  form  an  estimate  of  the  relative  value  and  import- 
ance of  characters  for  practical  purposes ;  for  instance,  those  characters 
which  serve  to  identify  and  distinguish  large  groups  of  plants  are  of  more 
consequence  than  such  peculiarities  as  pertain  merely  to  small  groups,  or 
to  individual  plants.  With  a  view  to  fix  the  attention  on  the  more  im- 
portant or  cardinal  characters,  those  which  are  of  most  use  in  drawing  up 
a  diagnosis  of  a  plant  or  of  a  group  of  plants,  a  form  of  schedule  is  given ;  and 
the  pupil  is  recommended  to  make  similar  ones  for  himself,  and  by  their  aid 
to  draw  up  an  account  of  the  more  important  characters  of  any  flowers  he 
meets  with,  checking  them  and  comparing  them  with  the  descriptions 
given  in  books,  or  with  the  instructions  of  his  tutor.  These  schedules  should 
be  kept  for  comparison  with  others  relating  to  other  plants ;  and  by  this 
method  a  practical  insight  into  plant-construction,  and  the  relationships 
of  one  plant  to  another,  may  be  more  speedily  and  thoroughly  obtained 
than  by  any  other  means.  The  schedules  here  inserted  by  way  of  illus- 
tration are  filled  up  from  a  Common  Buttercup  (Ranunculus),  and 
from  a  Dead-Nettie  (Lamiiim).  The  characters  therein  given  are  suffi- 
cient to  enable  the  student  to  determine  the  orders  to  which  the  plants 
belong,  which  is  the  first  and  most  important  consideration,  but  they  are 
not  sufficient  to  indicate  the  genus,  still  less  the  particular  species.  To 
discriminate  these  minor  groups,  recourse  must  be  had  to  the  other  pecu- 
liarities presented  by  the  plants  in  question,  as  before  detailed. 
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SYSTEMATIC  BOTANV. 


331.  The  generic  character  is  perhaps  tae  most  important  element 
in  Systematic  Botany.  It  should  contain  a  short  description  of  the 
peculiarities  of  the  group,  so  as  at  once  to  characterize  this  as  it 
exists  in  itself,  and  to  furnish  the  means  by  which  it  may  be  distin- 
guished from  all  other  genera  belonging  to  the  same  division  of  the 
Vegetable  Kingdom.  That  is  to  say,  for  a  genus  of  Flowering  Plants, 
the  character  should  contain  all  that  is  necessary  to  distinguish  a 
given  genus  from  all  other  genera  of  Dicotyledons,  or  of  Monocoty- 
ledons, as  the  case  may  be.  The  following  example  of  the  character 
of  the  genus  Campanula,  Linn.,  as  given  in  Endlicher's  '  Genera 
Plantarum,'  will  illustrate  this : — 

"  Campanula,  Linn.  Calyx  with  an  ovoid  or  subspherical  tube  adherent 
to  the  ovary,  the  limb  superior,  five-toothed ;  tbe  teeth  either  flat  at  their 
margins  or  decurrent  into  lobes  overlying  the  sinuses.  Corolla  inserted 
at  the  summit  of  the  tube  of  the  calyx,  more  or  less  campanulate,  five- 
lobed  or  five-toothed  at  the  apex.  Stamens  five,  inserted  with  the  corolla ; 
filaments  broadly  membranaceous  at  the  base,  and,  with  the  anthers,  free. 
Ovary  inferior,  three-  or  five-celled  ;  cells  opposite  the  lobes  of  the  calyx. 
Ovules  numerous,  on  placentas  projecting  from  the  central  angles  of  the 
cell,  anatropous.  Style  covered  with  quickly  deciduous  hairs;  stigmas 
3-5,  filiform.  Capsule  ovate  or  turbinate,  3-5-celled ;  cells  bursting  near 
the  top  or  bottom  by  a  parietal  valve  turning  upward.  Seeds  numerous, 
mostly  ovate,  flattened,  more  rarely  ovoid  and  very  small.  Embryo 
orthotropous,  in  the  axis  of  fleshy  albumen ;  cotyledons  very  short ;  radicle 
next  the  hilum,  centripetal. 

"  Perennial  or  annual  herbs,  sometimes  low  and  tufted,  sometimes  erect, 
tall,  many-flowered,  diffused  through  all  the  temperate  and  cool  regions 
of  the  northern  hemisphere,  forming  a  great  ornament  to  meadows  and 
groves ;  radical  leaves  very  often  larger  and  more  obtuse,  with  longer 
stalks ;  stem-leaves  alternate,  varying ;  flowers  mostly  stalked,  racemose, 
rarely  spiked  or  in  clusters,  very  often  rather  large,  blue,  or  sometimes 
white  in  the  same  species." 

332.  The  first  paragraph  here  contains  the  essential  character  of  the 
genus  ;  the  second  paragraph  is  a  description  of  the  general  characters 
of  the  species  belonging  to  it,  which  is  usually  appended  to  such 
complete  generic  characters. 

It  will  be  observed  that  this  generic  character  not  only  enables  us  to 
distinguish  plants  belonging  to  this  group,  but  describes  the  genus  so  fully 
that  we  become  acquainted  with  all  its  important  peculiarities,  while, 
being  drawn  up  irrespectively  of  any  Order,  alliance,  or  class,  it  is  equally 
available  as  material  for  any  Natural  or  Artificial  classification  of  Flower- 
ing plants  founded  on  the  floral  organs,  since  it  contains  the  information 
requisite  for  ascertaining  its  relations. 

333.  The  diagnosis  of  a  genus  is  more  limited  in  its  nature 
and  purpose.  It  is  used,  when  genera  are  described  under  fixed 
systematic  heads,  simply  for  distinctive  purposes ;  and  it  is  there- 
fore confined  to  denoting  what  is  absolutely  necessary  for  tins  pur- 
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pose.  Thus,  in  Babington's  1  Manual  of  British  Botany,'  the  genus 
Campanula  occurs  under  the  head  of  the  Order  Campanulaceaj,  the 
character  of  which  includes  much  of  what  is  given  in  the  generic 
character  of  Campanula,  above  cited;  so  that  it  suffices  for  the 
distinction  of  Campanula  from  its  allied  genera  to  give  the  following 
brief  abstract,  or  diagnosis : — 

"  Campanula.  Calyx  5-parted.  Cor.  mostly  bell-shaped,  with  5  broad 
and  shallow  segments.  Anthers  free;  filaments  dilated  at  the  base. 
Stigma  3-5-fid.  Capsule  not  elongated,  3-5-celled,  opening  by  lateral 
pores  outside  the  segments  of  the  calyx." 

334.  It  is  seen  at  once  that  this  diagnosis  fails  to  furnish  the 
complete  notion  of  the  genus  which  is  obtained  from  the  character, 
and  that  it  does  not  suffice  to  indicate  the  position  of  the  genus,  either 
in  a  Natural  or  Artificial  classification.  On  the  other  hand,  for  its 
own  especial  purpose,  that  is,  of  indicating  the  distinctions  between 
allied  genera,  it  may  be  even  still  more  reduced,  as  is  often  done  in 
works  describing  the  plants  of  a  limited  district,  where  only  a  few 
genera  occur  in  the  Natural  Order;  for  example,  we  might  give 
diagnoses  of  the  British  genera  of  Campanulaceas  in  this  way — 

A.  Corolla  rotate,  segments  linear ;  anthers  cohering  at  the  base. 

1.  Jasione. 

Corolla  rotate,  with  linear  segments ;  anthers  free.  2.  Phyteuma. 

B.  Corolla  mostly  bell-shaped,  with  broad  and  shallow  segments ;  an- 

thers free. 

Capside  not  elongated,  opening  by  lateral  pores  outside  the  seg- 
ments of  the  calyx   3.  Campanula. 

Capsule  linear-oblong,  prismatic,  opening  by  lateral  pores  be- 
tween the  segments  of  the  calyx    4.  Specularia. 

Capsule  half-superior,  opening  by  3-5  valves  within  the  seg- 
►        ments  of  the  calyx   5.  Wahlenbergia. 

335.  The  specific  character  of  a  plant  should  contain  all  the  con- 
stant distinctive  peculiarities  of  a  species.  On  the  one  hand,  it  will 
exclude  the  generic  characters  which  ally  it  to  other  species  of  the 
same  genus;  on  the  other,  it  should  exclude  the  inconstant  cha- 
racters which  distinguish  its  own  varieties.  But  the  character  of  its 
ordinary  varieties,  if  such  exist,  may  be  given  in  a  supplementary 
paragraph,  like  that  appended  to  the  full  generic  character.  The 
distinctive  characters  of  species  are  usually  found  in  the  organs  of 
vegetation,  as  the  root,  stem,  leaves,  bracts,  and  inflorescence,  or  in 
the  habit  or  duration  of  the  plant.  The  floral  organs  mostly  only 
give  specific  characters  in  their  less  important  peculiarities — as'in  the 
shape  and  relative  magnitude  of  the  petals,  the  external  characters 
of  the  fruits  and  seeds,  &c, — the  more  remarkable  peculiarities  being 
of  generic  value.  The  supplementary  notices  appended  to  the  strict 
character  of  the  species  generally  relate  to  the  ordinary  dimensions  of 
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the  plant,  the  colour,  taste,  smell,  &c.  of  its  organs ;  these  are  the 
marks  by  which  the  varieties  are  usually  characterized,  as  will  be 
seen  by  referring  to  any  catalogue  of  varieties  of  the  ordinary  culti- 
vated vegetables. 

336.  Linnams  laid  down  a  rule,  that  every  specific  character  should 
be  confined  to  twelve  words ;  but,  from  the  increased  number  of 
species  discovered  since  he  lived,  it  is  no  longer  possible  to  follow 
this  rule  in  all  cases.  In  recent  systematic  works  the  characters  of 
species  have  often  been  given  at  inordinate  length,  and  in  a  manner 
greatly  transgressing  the  other  more  important  rule,  that  they  should 
contain  no  character  that  is  not  to  be  found  in  all  perfect  specimens 
of  the  plant.  The  specific  character  will  necessarily  vary  in  length 
according  to  the  richness  of  a  genus  in  species,  some  containing 
many  hundreds,  while  others  comprise  but  a  single  one.  When  the 
genus  contains  but  a  single  species,  as  the  Hop  (Rumulus  Impulus), 
the  generic  character  alone  suffices  for  distinguishing  it ;  but  a  specifie 
character  is  even  then  given  with  advantage,  indicating  points  which 
are  not  included  in  the  strict  generic  character.  Where  a  large 
number  of  species  exist,  the  genus  is  generally  broken  up  into  artificial 
sections,  characterized  by  some  mark  occurring  regularly  in  a  certain 
number,  which  are  thus  placed  under  one  head:  this  saves  the 
necessity  of  repeating  that  character  for  each  species.  It  is  also 
common  in  modern  works  to  combine  a  diagnosis  with  the  specific 
character,  by  marking  in  italics  the  especial  distinctive  marks  of  each 
species  occurring  in  a  particular  group. 

The  following  examples  will  make  this  more  clear : — 

■OiSyringa,L.,  only  six  species  aredescribed  inDeCandolleVProdromus,' 
being  all  that  were  known  in  1 844.  The  specific  character  of  the  common 
Lilac,  Syringa  vulgaris,  could  thus  be  given  in  a  few  words : — 

"S.  vulgaris,  L.  Leaves  cordate  or  ovato-cordate,  quite  smooth  and  of 
even  colour  ;  limb  of  the  corolla  subconcave." 

Four  varieties  are  characterized,  chiefly  distinguished  by  the  colours  of 
the  blossoms. 

Turning  to  the  genus  Campamda  in  the  same  work,  we  find  no  less 
than  182lspecies.  Being  a  very  natural  genus,  the  species  are  kept  toge- 
ther under  one  generic  name,  but,  for  convenience,  they  are  arranged  in 
sections  and  subsections.  Thus  fifty-eight  of  them  are  characterized  by 
the  presence  of  appendages  on  the  sinuses  of  the  calyx,  such  as  we  find  in 
the  warden  Canterbury  Bell  {Campanula  Medium),  while  the  remainder 
are  without  these.  The  second  section,  of  124  species  (among  which  ore 
included  all  our  native  kinds),  is  further  divided  into  subsections,  cha- 
racterized principally  by  the  peculiarities  of  the  capsule,  and  these,  again, 
into  groups  according  to  the  kind  of  inflorescence  &C. ;  so  that  when  we 
come  to  the  specific  character  itself  none  of  these  points  have  to  be  re- 
peated, and  the  definitions  are  restricted  within  very  narrow  limits,  as  for 
instance: — 

"  C.  rotundifolia,  L.    Radical  leaves  stalked,  cordate,  rounded,  crenato- 
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dentate  ;  stem-leaves  linear  or  lanceolate ;  teeth  of  the  calyx  awl-shaped, 
erect,  one-third  the  length  of  the  bell-shaped  corolla." 

In  a  work  devoted  to  a  limited  flora,  as  that  of  Britain,  where  there  exist 
only  eight  species  of  Campanula,  we  may  adopt  the  sectional  divisions, 
and  limit  the  specific  character  as  above,  or  give  a  longer  character,  in- 
cluding the  marks  of  the  sections  ;  the  latter  plan  is  the  better,  where 
space  is  not  an  object,  since  it  makes  the  character  itself  more  instructive, 
Thus,  in  the  '  British  Flora,'  we  find — 

"  C.  rotundifolia,  L.  Glabrous ;  root-leaves  subrotundo-cordate,  crenate 
(very  soon  withering),  lower  cauline  ones  lanceolate,  upper  linear  entire ; 
flowers  solitary  or  racemose,  drooping ;  calyx-segments  subulate ;  capsule 
drooping,  with  the  clefts  at  the  base." 

In  Babington's  'Manual,'  on  the  contrary,  where  the  subsections 
foimded  on  the  capsule  are  adopted,  this  mark  is  omitted  in  the  essential 
character : — 

"  C.  rotundifolia,  L.  Radical  leaves  cm-date  or  reniform,  shorter  than 
their  stalks ;  stem-leaves  linear,  the  lower  ones  lanceolate  ;  flowers  one  or 
more,  racemose ;  corolla  turbinate-campanulate. — Stem  6-12  inches  high. 
Eadical  leaves  soon  vanishing ;  corolla  blue ;  calyx-segments  linear- 
subulate." 

This  example  further  illustrates  the  method  of  giving  a  diagnosis  at  the 
same  time,  by  italicizing  the  characters  by  which  the  species  is  distin- 
guished from  its  nearest  allies ;  it  also  shows  the  manner  in  which  expla- 
natory or  descriptive  notices  are  added  in  a  supplementary  paragraph  to 
the  essential  specific  character. 

337.  Lastly,  if  we  have  to  deal  with  a  limited  number  of  species, 
such  as  the  British  Bell-flowers,  to  which  we  have  just  referred,  we 
may,  for  simple  purposes  of  distinction,  construct  a  diagnostic  table, 
like  that  above  given  for  the  genera  of  Campanulacese. 

Flowers  sessile,  in  terminal  or  axillary  clusters  ;  cap- 
sule sessile,  erect,  with  the  pores  at  the  base    .    .    C.  glomeratu. 
Flowers  in  racemes  or  panicles ;  capsule  stalked. 
Capsule  nodding,  with  the  pores  at  the  base. 
Flowers  in  a  unilateral  raceme,  segments  of 

calyx  ultimately  reflexed  C.  rapuncidoides. 

Flowers  racemose,  segments  of  calyx  always 
erect. 

Peduncles  1-flowered  C.  latifolia. 

Peduncles  2-3-flowered  C.  Trachelium. 

Flowers  on  long  slender  stalks,  solitary,  or  in 

a  lax  few-flowered  corymbose  raceme    .    .    C.  rotundifolia. 
Capsule  erect,  with  the  pores  just  below  the 
segments  of  the  calyx. 

Segments  of  the  calyx  entire. 
Segments  of  the  calyx  lanceolate,  raceme 

few- flowered,  or  flower  solitary  .    .    .    C.  persicifolia. 
Segments  of  the  calyx  awl-sha  ped,  flowers 
in  an  erect  racemose  panicle  .    .    .    .    C.  Rapuncidus. 
Segments  of  the  calyx  toothed  at  the  base ; 
flowers  panicled,  erect,  on  long  stalks     .    C.  patula. 
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338.  A  few  of  tho  general  rules  observed  in  writing  descriptions 
of  plants  may  be  mentioned  here,  as  explanatory  of  certain  techni- 
calities which  will  be  met  with  in  systematic  works. 

339.  The  generic  name  is  always  commenced  with  a  capital  letter, 
while  that  of  the  species  is  usually  written  small ;  but  we  find  in 
most  books  a  capital  letter  to  the  specific  name,  1,  where  this  name 
is  the  appellation  of  another  existing  or  suppressed  genus  used  adjec- 
tively,  as  Agrimonia  Eupatorium,  Mentha  Pulegium,  &c. ;  2,  where 
the  specific  name  is  formed  from  a  proper  name,  cither  as  the  genitive 
case  of  a  substantive  or  in  the  adjective  form,  as  in  Scirpus  Savii  and 
Carex  Davalliana.  Specific  names  derived  from  countries  are  now 
usually  written  small,  as  Silene  anglica. 

340.  When  a  generic  character  is  written  in  Latin,  the  organs  are 
all  put  in  the  nominative  case  ;  in  a  specific  character  they  are  put 
in  the  ablative. 

341.  When  describing  a  species,  it  is  usual  to  subjoin  its  habita- 
tion {Habitat) — that  is,  the  nature  of  the  places  in  which  it  is  usually 
found,  such  as  "Woods,"  "Dry  hilly  places,"  "  Kivers,"  &c.  In 
general  systematic  works  the  native  country  or  province  is  stated  ; 
in  works  relating  to  limited  districts,  special  localities  are  given  for 
rare  plants. 

342.  The  following  marks  and  abbreviations  are  commonly  in  use 
to  indicate  certain  other  points  : — 


(T^)  or  A  =an  annual  plant. 
(J)  or B  =a  biennial. 
%   orP  =  a  perennial. 
Sh  =  a  shrub. 
T  =a  tree. 


S ,  a  male  flower. 

$ ,  a  female  flower. 

<3 ,  an  hermaphrodite  flower. 

<5  5  >  a  monoecious  plant. 

cj  -  $ ,  a  dioecious  plant. 


The  time  of  flowering  is  indicated  by  numbers,  referring  to  the 
months,  as  6-8  or  vi-viii=June  to  August,  &c. 

Many  other  signs  are  met  with  in  Systematic  works,  hut  they  are  very 
often  used  in  different  senses  by  different  authors,  so  that  no  general  ex- 
planation of  them  can  be  given ;  moreover  the  sense  in  which  they  are  used 
is  generally  explained  by  the  author. 
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CHAPTER  II. 

SYSTEMS  OF  CLASSIFICATION. 
Sect.  1.  Artificial  Classification  of  Plants. 

343.  An  arrangement  of  all  known  species  of  plants  in  a  series  of 
classes  constituted  upon  certain  fixed  principles,  forms  what  is  termed 
a  System  of  Vegetables. 

It  belongs  to  the  history  of  Botany  to  describe  the  numerous  Systems 
which  have  been  brought  forward,  at  various  periods,  for  the  double  pur- 
pose of  generalizing  acquired  facts,  and  of  facilitating  the  diffusion  _  of 
botanical  knowledge  by  rendering  it  possible  to  recognize  plants  which 
have  already  been  described.  In  this  work  it  is  necessary  to  confine  our- 
selves to  a  brief  reference  to  some  of  the  most  important  of  the  Systems 
which  have  attained  general  currency. 

344.  The  classification  of  plants  by  generalization,'  the  Synthetic 
or  Natural  Method,  is  adopted  in  all  cases  in  forming  the  groups  of 
the  lowest  rank,  namely  Genera.  These  are  established  by  the  com- 
bination of  a  number  of  allied  species  under  one  name,  on  account 
of  their  affinities;  and,  as  we  have  already  mentioned  (§  332),  the 
same  genera  are  used  in  all  Classifications. 

From  this  point  Systems  diverge.  The  Natural  Method  is  pursued 
further  on  the  same  principles  of  generalization,  where  the  object 
is  to  systematize  acquired  knowledge,  and  mark  the  agreements 
among  plants.  "Where,  on  the  other  hand,  it  is  chiefly  desired  to 
mark  out  the  differences  of  plants,  in  order  simply  to  their  easy 
recognition,  Artificial  Methods  are  resorted  to,  which  are  carried  out 
by  a  principle  of  analysis,  whereby  the  whole  mass  of  known  forms 
are  taken  and  gradually  parcelled  out  into  Classes,  Orders,  &c,  accord- 
ing to  their  agreement  or  difference  in  certain  fixed  characters. 

Most  of  the  older  systems  were  more  or  less  Artificial,  the  earliest 
commencing  with  the  division  of  plants  into  Trees,  Shrubs  and  Herbs, 
Land-plants  and  Water-plants,  and  the  like.  As  advances  were 
made,  organs  of  more  and  more  importance  were  chosen  to  furnish 
characters ;  and  we  find  plants  subsequently  classed  by  their  corollas, 
by  their  fruits,  &c. ;  but  in  none  of  the  systems  proposed  before  the 
time  of  LinnEeus  do  we  find  one  given  principle  carried  out  through 
the  whole. 

345.  When  LinnEeus  entered  upon  his  wonderful  labours,  there  lay 
before  him  a  mass  of  information  in  a  very  crude  and  unmanageable 
condition.  His  reforming  genius  introduced  order,  in  the  first  instance, 
by  the  substitution  of  short  fixed  names  for  species,  on  the  binomial 
plan,  by  the  definition  and  secure  establishment  of  imperfectly  cha- 
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racterized  genera  and  species,  and  then  advanced  to  the  necessary- 
task  of  arranging  the  genera  so  as  to  render  them  recognizable.  The 
artificial  methods  founded  on  the  floral  envelopes  &c.  had  proved 
inefficient ;  and  therefore  he  turned  to  the  essential  organs  of  flowers, 
the  physiological  importance  of  which  he  himself  contributed  greatly 
to  establish.  The  selection  of  these  organs  resulted  in  the  formation 
of  an  Artificial  System  in  which  a  fixed  principle  is  regularly  carried 
out,  and  which,  from  the  physiological  importance  of  the  characters 
employed,  approaches  in  certain  of  its  coordinations  to  a  natural 
arrangement. 

Until  the  establishment  of  a  true  principle  for  natural  Classification,  the 
materials  for  which  accumulated  rapidly  under  the  influence  of  the  Lin- 
nsean  System,  the  latter  received  almost  universal  acceptance ;  and  it  is 
still  retained  by  botanists  as  a  valuable  key  to  the  recognition  of  genera, 
especially  by  beginners  in  the  science.  On  account  of  its  own  import- 
ance, therefore,  and  as  the  best  example  of  the  Artificial  Method,  a  brief 
explanation  of  it  must  be  given  in  this  work. 

346.  Species  and  Genera  (§§  308-313)  form  the  foundation  of  all 
Systems.  The  object  of  the  Linnaean  System  was  to  arrange  genera 
in  groups  characterized  by  simple  striking  marks,  so  that  the  exist- 
ing description  of  a.  given  plant  might  be  readily  found,  or  the  de- 
scription of  a  new  plant  might  be  placed  where  it  would  be  easily 
referred  to.  Such  marks  Linnaeus  obtained  in  the  essential  or  sexual 
organs  of  plants  (in  flowers,  the  stamens  and  instils),  whence  his 
System  is  sometimes  called  the  Sexual  System.  The  highest  or  most 
general  groups,  which  he  called  Glasses,  are  founded  on  the  con- 
ditions of  the  stamens.  These  Classes  are  subdivided  into  Orders, 
founded  either  on  the  conditions  of  the  pistils  or  upon  secondary  cha- 
racters of  the  stamens.  The  Orders  include  the  Genera  (in  large 
Orders  grouped  into  sections  according  to  various  artificial  cha- 
racters). 

The  Linnsean  Classes  are  twenty-four  in  number,  of  which  the 
first  twenty-three  include  all  Flowering  Plants :  the  twenty-fourth, 
Cryptogamia,  including  all  Flowerless  Plants,  was  a  chaos  when  first 
established,  and  its  subdivisions  were  not  then  definable  by  single 
cli  3.1*  tic  tors 

The  following  Tables  exhibit  the  main  features  of  the  Linntean 
Classification.  The  technical  meaning  of  the  names  applied  to  the 
Classes  has  been  explained  already  in  the  First  Book,  in  the  sections 
on  the  Morphology  of  the  essential  organs.  The  few  technical  names 
of  Orders  requiring  special  explanation  are  noticed  below. 
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Those  Syngonesious  plants  which  have  solitary  flowers,  such  as  Lobelia, 
Viola,  &c,  are  placed  in  the  Order  to  which  the  number  of  stamens  refers 
them  (here  Pentandria)  ;  so  that  the  Class  19  corresponds  exactly  to  the 
Natural  Family  of  Compositse. 


Classes  I.  to  XIII. 

The  Orders  formed 
according  to  the 
number  :  —  1,  of 
pistils  when  these 
are  distinct ;  or,  2, 
of  styles  of  com- 
pound pistils ;  or, 
3,  of  the  stigmas 
when  no  styles 
exist. 


The  LiNNiEAN  Orders. 

1  pistil    1.  Monogynia. 

pistils   2.  Digynia. 

„    3.  Trigynia. 

„    4.  Tetragynia. 


3 
4 
5 
6 
7 
8 
9 

10     ,,    10.  Decagynia. 

11-12,,    11.  Dodecagynia. 

More  than  12   12.  Polygynia. 


5.  Pentagynia. 

„    6.  Hexagynia. 

„    7.  Heptagynia. 

„    8.  Octogynia. 

„    9.  Enneagvnia. 


The  termination  -gynia  is  here  used  to  express  pistils  &c,  as  -andria  is 
to  express  stamens  in  the  Classes.  The  Orders  above  given  do  not  exist  in 
all  the  Classes,  mostly  only  the  first  two,  together  with  one  or  other  of  the 
rest,  in  which  case  the  ordinal  number  is  modified  ;  for  instance,  if  no  Tri- 
gynia or  Tetragynia  exist,  and  Pentagynia  does,  this  will  follow  Digynia, 
and  become  the  3rd  Order. 


Classes  XIV.  &  XV.  1 


( Naked-seeded . 


^  "1  Didynamia.  j  Qovered-seeded . 


from  the  condi 
tion  of  the  fruits 


Tetrady- 
namia. 


I  With  silicules . 
|  With  siliques  . 


1.  Gymnospermia. 

2.  Angiospermia. 

3.  Siliculosa?. 

4.  Siliquosse. 


The  term  Gymnospermia,  used  in  the  14th  Class,  was  founded  on  an 
erroneous  idea  of  the  fruit  of  Labiates,  Boraginacece,  and  other  families, 
which  consists  of  a  carcerulus  (§  270)  of  four  hard  achaenia,  regarded  by 
Linnteus  as  naked  seeds ;  while  the  Angiospermia  included  the  plants 
with  a  capsular  fruit.  The  terms  Silicula  and  Siliqua  are  explained  m  the 
descriptions  of  fruits  (§§  274,  275). 


Classes  XVI.,  XVH. 

&  xvm. 

The  Orders  founded 
on   the  number ' 
and   position  of 
the  stamens,  like 
Classes  I.  to  XIII. 


5  free  stamens  

6  „  '   

7  „   

8  „   

10  „   

12-19  „   

20  or  more  stamens  on  the 

calyx. 

20  or  more  stamens  on  the  re- 
ceptacle. 


1.  Pentandria. 

2.  Hexaudria. 

3.  Heptaudria. 

4.  Octaudria. 

5.  Decandria. 

6.  Dodecaudria. 

7.  Icosandria. 

8.  Polvandria. 
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Class  XIX. 

Orders  formed  ac- 
cording to  the  sex  j 
of  the  florets  con- 
tained in  the  same 
capitulum. 


Classes  XX.,  XXI., 
XXII.  &  XXIII. 


All  the  florets  perfect  and  of 

the  same  shape. 
Capitules  radiate ;  disk-florets 

perfect,  ray-florets  pistillate, 

all  forming  seed. 
Like  the  last,  except  that  the 

ray-florets  are  barren. 
Ray-florets  fertile,  disk-florets 

barren. 

Ray-florets  perfect,  each  floret 
with  an  additional  "calyx" 
or  involucel. 

The  Orders  formed  according 
to  the  number  and  position 
of  the  stamens,  like  the 
Classes  l.-XIIL,  or  accord- 
ing to  their  cohesion,  like 
the  Classes  XVI.-XIX. 


1.  Polygamia 
aequalis. 

2.  Polygamia 
superflua. 

3.  Polygamia 
frustranea. 

4.  Polygamia 
necessaria. 

5.  Polygamia 
segregata. 

Names  of  the  Orders 
the  same  as  those 
of  the  Classes 
they  imitate. 


The  number  of  actually  existing  Orders  is  limited  here  to  far  less  than 
all  the  possible  cases. 

f  1.  Filices. 

„^         r  Divided  according  to  Natural  J  2.  Musci. 

Olass  AA.       |    relationships  into  1  3.  Algae. 

{  4.  Fungi. 

347.  The  completeness  of  this  Artificial  System  is  such,  that 
almost  every  form  of  plant  can  be  readily  referred  to  a  place  in  it. 
Unfortunately,  however,  this  is  done  in  certain  cases  at  the  expense 
of  natural  affinities  so  close  as  those  between  the  species  of  the  same 
genus  ;  while  in  some  instances  it  divides  the  individual  examples  of 
the  same  species.  As  it  is  contrary  to  the  object  of  the  System  to 
interfere  with  generic  groups,  far  less  with  the  definitions  of  species,  a 
choice  has  to  be  made  in  such  cases  as  to  where  the  forms  in  question 
shall  stand — the  character  of  the  majority  of  the  species  deciding  the 
place  of  a  genus,  and  the  character  of  the  majority  of  examples  that  of 
a  species.  Moreover  some  of  the  Classes  are  so  natural  as  regards  the 
affinities  of  the  constituent  genera,  that  where,  as  sometimes  happens, 
exceptional  genera  exhibit  a  deviation  from  the  artificial  type,  a  kind 
of  compromise  is  made  and  the  genus  described  with  its  true  allies, 
(  a  reference  being  made  to  it  under  the  artificial  Class  to  which  it 
strictly  belongs. 

A  few  examples  will  illustrate  these  points,  which  render  the  use  of  the 
Linnsean  System  more  difficult  to  beginners  than  is  generally  admitted. 

The  garden  Rue  (Ititta  graveolens)  has  sometimes  quaternary  flowers 
with  8  stamens,  sometimes  quinary  flowers  with  10  stamens.  It  is 
described  by  Linnams  in  the  Class  Decandria;  but  it  is  necessary  to 
include  it  in  the  table  of  genera  of  Octandria  also,  with  a  reference  to  the 
place  where  the  description  is  given. 
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In  the  genus  Festuca,  the  species  are  usually  triandrous ;  but  F.  uni- 
glumis  and  others  have  but  one  stamen :  consequently  while  the  genus 
stands  under  Triandria  in  the  System,  a  reference  must  be  made  to  it 
under  Monandria.  Lepidium  and  Cardamine  are  genera  of  Tetradynamia, 
a  Class  of  such  closely  associated  genera  that  it  corresponds  to  the  Cru- 
ciferae  of  Natural  Systems ;  but  L.  ruderale  is  only  known  in  a  diandrous 
state,  and  specimens  of  C.  kirsuta  are  not  unfrequently  found  tetrandrous, 
which  cases  demand  similar  cross-references  in  the  tables  of  genera. 

The  Classes  founded  on  the  diclinous  conditions  of  plants  are  the  least 
satisfactory  of  all.  It  is  exceedingly  common  to  find  species  with  perfect 
flowers  and  other  species  with  monoecious  or  dioecious  flowers,  in  the 
same  genus,  as  Lychnis  dioica  (in  the  10th  Class) ,  Valeriana  dioica  (in  the 
3rd  Class),  Ribes  alpinum  (in  the  5th  Class),  &c,  in  genera  where  the 
species  mostly  possess  perfect  flowers.  Rhamnus  cathartica,  dioecious  and 
tetrandrous,  and  R.  Frangula,  perfect  and  pentandrous,  represent  that 
genus  in  the  British  Flora ;  while  Urtica  dioica  and  U.  urens  furnish 
examples  of  congeneric  species  respectively  dioecious  and  monoecious.  All 
such  cases  require  the  same  kind  of  cross-reference  as  above  indicated. 

The  characters  of  the  23rd  Class,  Polygamia,  are  subject  to  the  great 
inconvenience  that  they  frequently  require  the  examination  of  a  large 
number  of  specimens  in  order  to  make  them  out  clearly.  On  this  account 
many  authors  have  discarded  this  Class,  and  distributed  its  genera  among 
the  others. 

The  arrangement  of  the  genera  in  Orders  is  accompanied  by  similar 
difficulties,  which  are  met  by  the  same  rules,  that  the  place  shall  be 
decided  by  the  greatest  frequency  of  occurrence  of  a  character  in  a 
species  or  genus,  and  that  a  cross-reference  shall  be  made. 

348.  In  almost  all  modern  descriptive  works,  the  species  are  de- 
scribed under  a  Natural  Arrangement ;  and  the  Linnaean  System  is 
seldom  had  recourse  to,  except  as  a  means  of  furnishing  an  Artificial 
Key  to  the  genera  of  a  limited  region.  It  has  certain  advantages 
for  this  purpose,  arising  from  the  difficulty  of  subdividing  the  Natural 
Families  into  sections  -which  are  not  too  few  or  too  numerous,  in 
making  the  first  step  of  the  analysis.  By  the  Linnaean  plan,  the 
Flowering  plants  of  Britain,  for  instance,  comprised  in  about  500 
genera,  are  at  the  outset  distributed  into  22  well-marked  Classes, 
each  of  which  is  again  divisible  into  from  2  to  7  Orders,  after  which 
the  detection  of  the  genus  is  generally  very  easy. 

Sect.  2.  Natural  Classification  of  Plants. 

349.  We  have  pointed  out,  in  a  former  section,  that  the  genera  of 
plants  are  truly  natural  groups ;  and,  if  their  essential  characteristics 
are  clearly  understood,  there  will  be  no  difficulty  in  comprehending 
the  scope  and  purpose  of  the  Natural  System  of  Plants.  In  this 
method  of  classifying  we  pursue  the  same  path  by  which  we  arrived 
at  the  genera,  and  proceed  to  combine  these  into  higher  and  more 
general  groups,  not  according  to  arbitrarily  chosen  or  isolated  cha- 
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racters,  but  according  to  their  natural  affinities— that  is,  the  agree- 
ment in  their  total  organization.  Genera  are  thus  gathered  together 
into  Families  or  Orders,  these  into  Classes  of  higher  generality,  and 
finally  the  entire  Vegetable  Kingdom  becomes  marshalled  into  a  few 
Provinces  or  Sublcingdoms. 

It  is  evident  from  this,  that  a  Natural  System  founded  on  a  perfect 
knowledge  of  all  existing  plants  would  present  to  us  a  kind  of  abstract 
picture  of  the  Vegetable  Kingdom,  in  which  all  its  essential  characters 
would  be  represented  in  their  real  proportions,  places,  and  connexion. 
Not  only,  however,  are  we  far  from  being  acquainted  with  all  exist- 
ing plants  (not  to  mention  the  numerous  kinds  now  extinct),  but  the 
essential  peculiarities  of  a  vast  number  of  the  known  plants  have  been 
as  yet  but  imperfectly  studied.  Hence  we  have  at  present  various  forms 
or  plans  for  the  Natural  Arrangement  of  plants,  presenting  peculiarities 
dependent  upon  the  amount  of  knowledge,  or  the  peculiar  views,  of  their 
respective  authors ;  which  plans  or  Systems  must  be  regarded  as  so  many 
rough  draughts  or  sketches,  to  serve  as  material  for  the  elaboration  of  the 
true  and  complete  Natural  System.  As  the  principles  of  classification  are 
fully  recognized,  and  as  the  amount  of  plants  thoroughly  known  is  already 
very  large,  there  is  a  close  agreement  in  the  general  features  of  the  dif- 
ferent "  Natural  Systems,"  and  especially  in  the  manner  in  which  the 
Orders  of  plants  are  defined.  The  chief  diversities  of  opinion  arise  out  of 
the  different  estimations  of  affinities  and  differences  of  the  families,  which 
express  themselves  in  a  marked  manner  in  the  mode  in  which  the  Classes 
or  Alliances  are  formed.  This  will  be  evident  in  the  examples  we  shall 
presently  give  of  those  "  Systems  "  which  have  received  the  widest  ac- 
ceptance. 

350.  We  have  said  above,  that  plants  are  combined  according  to 
the  agreement  in  their  total  organization.  But,  to  characterize  the 
Natural  Method  more  distinctly,  it  must  be  added  that  especial 
attention  is  paid  to  the  estimation  of  the  relative  value  of  the  dif- 
ferent characters  presented  by  each  plant,  a  determinate  scale  being 
formed,  in  which  the  organs  are  ranked  according  to  their  physio- 
logical importance,  the  morphological  complexity  of  their  construc- 
tion, and  their  comparative  invariability. 

Thus,  while  species  of  the  same  genus,  distinguished  generally  by 
the  external  characters  of  their  vegetative  organs,  are  combined  by 
likeness  in  their  flowers,  genera  (in  which  difference  of  the  floral 
envelopes,  or  of  the  external  character  of  the  fruit,  or  some  such 
character  exists)  are  combined  into  an  Order  on  account  of  the  agree- 
ment in  the  structure  of  the  ovary  and  its  relations  to  the  floral 
envelopes.  The  characters  of  seeds,  and  more  particularly  of  the 
embryos,  give  a  still  higher  divisional  character.  These  characters 
of  successively  higher  groups  are  marked  in  organs  of  progressively 
higher  physiological  and  morphological  importance,  affinities  between 
such  organs  being  proportionately  more  valuable.  But  they  possess 
this  value  not  merely  on  their  own  account ;  for  if  that  were  the 
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case,  the  method  would  be  still  to  a  great  extent  artificial :  they 
indicate  the  coexistence  of  proportionate  agreement  in  the  total 
organization,  which  renders  them  exponents  not  merely  of  the  affini- 
ties of  the  plants  in  respect  to  the  particular  structure  to  which  they 
belong,  but  of  all  their  affinities,  and  of  the  rank  which  a  given  plant 
holds  in  the  Vegetable  Kingdom.  As  a  general  rule,  it  is  found 
that  the  agreement  of  the  total  organization  of  plants  is  generally 
proportionate  to  the  physiological  value  of  any  given  organs  in  which 
they  agree ;  or,  in  other  words,  agreement  in  the  structure  of  any 
given  organ  indicates  general  agreement  in  all  the  organs  of  less 
importance  than  itself.  The  agreement  here  referred  to  is  of  course 
a  general  structural  agreement,  a  relation  to  a  common  type — not  a 
resemblance  excluding  the  multifold  minor  diversities  which  present 
themselves  within  the  limits  of  almost  every  type. 

351.  Practically,  moreover,  we  have  another  principle  to  keep  in 
view,  which  indeed,  while  it  affords  as  it  were  the  verification  of  the 
inductions  of  the  above  principle,  is  our  sole  guide  in  dealing  with 
the  subdivisions  of  the  more  comprehensive  types.  This  is  the  rule 
that  the  closest  affinities  are  marked  by  the  agreement  in  the  majo- 
rity of  characters  of  equal  importance ;  or  if  the  characters,  as  is 
more  commonly  the  case,  are  of  unequal  importance,  the  principle  of 
decision  by  the  majority  is  carried  out  by  ascertaining  the  propor- 
tionate values  of  the  organs  in  which  agreements  and  differences 
exist,  and  striking  a  balance  as  with  equal  factors. 

Many  of  the  older  botanists  had  attempted  to  construct  a  Natural  Sys- 
tem ;  and  Linnaeus  left  a  sketch  or  fragment  of  one,  in  the  form  of  a  list 
of  names  of  families  without  definitions,  regarding  its  realization  as  the 
ultimate  aim  of  Botany.  Many  of  the  families  in  these  older  Systems  are 
grounded  almost  exclusively  on  "  habit,"  or  general  external  character. 
The  two  Jussieus,  Bernard  and  Antoine-Laurent,  have  the  merit  of  the 
discovery  of  the  only  principles  upon  which  a  really  Natural  System  can 
be  founded.  And  so  accurately  did  A.-L.  de  Jussieu  carry  out  these  prin- 
ciples in  his  arrangement  of  the  then  existing  genera,  that  the  families 
which  he  established  are  still  almost  all  received  into  our  present  Systems, 
where  some  of  them  are  indeed  broken  up  into  smaller  groups,  but  where 
the  greatest  increase  in  the  number  of  families  arises  from  subsequent 
discoveries. 

352.  The  families  of  Jussieu  consisted  of  groups  of  genera  combined 
together  upon  the  principles  above  enunciated.  He  established  100 
of  them,  defining  them  with  exactness,  and  assigning  to  their  cha- 
racters relative  values,  primary,  secondary,  tertiary,  <Src,  and  m  this 
way  he  laid  the  foundation  of  the  classifications  now  m  general  use. 

The  characters  of  the  natural  Families  established  in  this  way  will  be 
found  to  be  far  less  exact  and  definite  than  those  of  the  Linnamn  classes  and 
orders,  and  by  no  means  so  rigid  even  as  those  of  natural  genera.  I  he  cha- 
racter of  a  family  is  founded  on  the  totality  of  its  essential  characters,  and 
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includes  the  essential  characters  of  agreement  of  all  its  genera.  The  genera 
contained  in  most  of  the  families  exhibit  a  considerable  range  of  differences ; 
allowance  must  be  made  for  these ;  and  this  gives  a  laxity  to  the  family 
character  which  is  puzzling  to  the  beginner.  For  example,  the  family 
Ranunculacete  is  very  natural ;  but  we  find  in  its  character  a  certain  range 
of  difference  allowed  for  in  the  sepals,  petals,  pistils,  and  fruit ;  the  insertion 
of  all  these,  however,  and  that  of  the  stamens,  is  fixed,  and  so  is  the  cha- 
racter of  the  seed.  Similar  conditions  occur  in  most  other  families.  I  he 
decision  as  to  what  family  a  genus  is  to  be  referred  to  is  made  according 
to  the  principle  of  majorities  :  whichever  it  agrees  with  in  most  of  its  cha- 
racters (say,  even  three  out  of  five),  to  that  family  it  belongs.  Great  diffi- 
culty, however,  exists  in  certain  cases  from  a  vast  series  of  genera  running 
into  one  another  by  almost  imperceptible  gradations,  and  this  in  different 
directions.  A  considerable  number  of  these  agreeing  closely  are  associated 
into  a  family ;  another  similar  group  form  another  family,  and  so  on ;  and 
then,  in  the  course  of  time,  sundry  intermediate  genera  present  themselves, 
which  connect  the  established  families,  and  which  it  is  difficult  to  place  by 
the  usual  choice  in  either  one  or  the  other,  the  characters  being  balanced. 
Thus  the  Natural  family  Loganiacese  is  connected  by  "  aberrant "  genera 
with  Rubiaceas,  Gentianaceae,  Scrophulariaceaa,  and  other  families  which 
are  truly  natural,  but  which  in  this  way  come  to  be  separated  by  somewhat 
indefinite  boundary-fines. 

The  fact  is,  that  the  Vegetable  Kingdom  is  a  whole,  the  families  and 
classes  having  seldom  a  distinct  isolated  existence,  except  in  the  minds  of 
botanists ;  and  we  must  regard  them  as  analogous  to  countries  on  the  globe, 
which  are  parcelled  out  under  distinct  names,  but  most  often  adjoin  and 
run  into  one  another,  being  only  separated  by  an  arbitrary  boundary-line 
or  frontier.  Some,  indeed,  lie  off"  from  the  rest,  like  islands ;  but  these  are 
the  exceptions. 

Such  exceptions  are  found  among  the  families  which  were  perceived 
and  established  by  the  older  botanists,  in  which  the  essential  agreements 
are  accompanied  by  a  striking  character  of  external  habit,  as  in  the  Grasses, 
the  Umbelliferre,  the  Conipositse,  the  LeguminosEe,  the  Coniferse,  the 
Palms,  &c.  Such  remarkable  peculiarities  as  these  families  possess,  mostly 
prevent  them  being  broken  up  into  smaller  groups,  as  has  occurred  to 
many  of  the  earlier  orders  of  large  extent ;  and  most  botanists  prefer  to 
distribute  these  genera  into  suborders  rather  than  discard  the  charac- 
teristic general  name.  Examples  of  these  are  found  especially  in  the 
Leguminosse,  Rosacea,  and  Compositse. 

353.  The  Families  or  Orders  are  for  the  most  part  the  same,  in  all 
essential  respects,  in  all  existing  "  Natural  Systems."  A  considerable 
diversity  presents  itself  in  the  modes  in  which  different  authors  have 
grouped  these  into  Classes  or  Alliances,  as  will  be  seen  even  by  com- 
parison of  the  Tables  of  Endlicher  and  Lindley,  given  below.  These, 
however,  are  still  Natural  groups,  as  are  also  those  of  still  higher 
generality  indicated  in  the  chapter  on  General  Morphology  (§  17). 
But  all  writers  on  Systematic  Botany  have  found  it  requisite  to  group 
the  Orders  or  Classes  of  Flowering  Plants  into  sections  of  somewhat 
less  generality  than  Dicotyledons  and  Monocotyledons,  as  these  re- 
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spectively  include  scries  of  families  so  extensive  as  to  be  inconvenient 
in  practice  if  left  undivided.  The  members  of  these  series,  however, 
are  so  intimately  connected  together  by  their  natural  affinities, 
that  it  has  been  found  indispensable  to  have  recourse  to  certain  arbi- 
trary or  artificial  characters  for  the  foundation  of  the  sections — cha- 
racters derived  chiefly  from  the  conditions  of  the  petals  and  stamens. 
The  nature  of  these  Sections  will  be  best  understood  from  the 
examples  which  follow. 

354.  Jussieu  established  his  primary  divisions  of  the  Vegetable 
Kingdom  on  characters  which,  although  not  altogether  unexception- 
able, define  really  natural  groups,  which  are  found  under  different 
titles  in  all  Natural  Systems.  The  characters  were  the  absence  or 
presence  of  the  rudimentary  plant  or  embryo,  and  its  structure  when 
present,  in  the  seed.  On  these  characters  stood  the  three  divisions 
Acotyleclons  (plants  without  an  embryo),  Monocotyledons,  and  Dicoty- 
ledons. The  first  of  these  names  is  bad,  as  founded  upon  a  negative 
character ;  but  the  plants  which  it  included  were  imperfectly  under- 
stood in  the  time  of  Jussieu ;  the  Acotyleclons  correspond  to  the  Cryp- 
togamia  of  Linnaeus,  which  are  now  by  more  complete  analysis  dis- 
tributed into  two  sections,  divided  by  even  more  important  characters 
than  the  Monocotyledons  and  Dicotyledons.  The  other  two  divisions 
are  still  retained,  with  very  slight  modification,  in  all  Systems,  but  are 
subordinated  under  divisions  founded  on  more  important  characters. 

The  following  Table  exhibits  Jussieu's  arrangement : — 


THE  JUSSIEUAN  SYSTEM. 
Acotyledons    Class  I 


Monocotyledons 


"Apetalous 


Monopetalous  • 


Dicotyledons 


perigynous 


II. 

m. 

IV. 


f  Stamens  hypogynous 
J      „  perigynous 
L     „  epigynous 

f  Stamens  epigynous    V. 

J      „      perigynous    VI. 

I     „  hypogynous  

Corolla  hypogynous  

„  perigynous  

f  Anthers  I 

J  coherent  ( 
„     epigynous  +  Anthers 

1_  distinct  \ 

fStamens  epigynous   

Polypetalous  „  hypogynous  

Diclinous,  irregular 

The  three  primary  divisions  here  are  natural;  the  Classes  must  be  re- 
garded as  artificial;  the  Families,  however,  into  which  the  latter  are 
divided,  are  natural  groups,  and  to  a  great  extent  are  retained  m  more 
modern  systems.   The  Families  of  Jussieu  were  more  carefully  defined, 
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corrected,  and  extended  by  Robert  Brown,  whose  researches  contributed 
most  essentially  to  the  establishment  of  the  Natural  System ;  but  he  did 
not  attempt  to  establish  any  general  plan  lor  their  coordination  in  Classes. 

355.  Aug.  Pyrame  De  Candolle  endeavoured  to  classify  the  Vege- 
table Kingdom  on  principles  more  in  harmony  with  the  increased 
knowledge  of  the  structure  of  plants  which  had  been  accumulated 
since  the  promulgation  of  Jussieu's  System.  De  Candolle's  System  has 
become  very  generally  used,  on  account  of  its  having  been  adopted 
in  the  great  Descriptive  work  which  he  commenced,  and  which  is 
still  in  progress  under  the  superintendence  of  his  son,  the  '  Prodromus 
Systematis  Naturalis  Eegni  Vegetabilis,'  a  description  of  all  known 
species  of  plants.  His  primary  divisions  rested  upon  the  constitution 
of  the  elementary  tissues,  plants  being  divided  into  Cellular  and 
Vascular.  The  former  were  subdivided  into  Leafy  and  Leafless  ;  the 
latter  were  subdivided  into  Exogens  and  Endogens.  This  classifica- 
tion is  open  to  very  great  objections.  In  the  first  place,  the  Leafless 
Cellular  plants  stand  at  a  greater  distance  from  the  Leafy  Cellulares 
than  the  latter  do  from  the  lower  Vascular es ;  and  the  character  is  in 
itself  an  inconvenient  one.  In  the  next  place,  while  the  terms 
Exogens  and  Endogens  were  founded  on  a  mistaken  idea  of  the 
structure  of  the  stems  of  the  higher  plants,  and  were  at  the  Bame 
time  useless,  as  synonymous  with  Dicotyledons  and  Monocotyledons, 
the  latter  class  was  made  to  contain  the  higher  Cryptogamia,  the 
Perns  and  their  allies,  to  which  an  embryo  was  mistakenly  attributed, 
and  which  are  essentially  related  to  the  plants  called  by  De  Candolle 
Leafy  Cellulares.  These  primary  divisions  of  De  Candolle  are  there- 
fore now  discarded. 

His  subdivisions  of  the  Exogens  (or  more  properly  Dicotyledons) 
are  retained  in  many  works.  They  are  artificial,  like  the  "  Classes" 
of  Jussieu,  but  are,  like  them,  convenient  for  the  distribution  of 
the  families  into  groups  of  manageable  dimensions.  They  are  four 
in  number,  and  founded  on  characters  of  the  floral  envelopes,  viz. : — 
1.  Thalamiflorce,  in  which  the  petals  are  distinct  and  (like  the  sta- 
mens) inserted  on  the  receptacle  (hypogynous)  ;  2.  Calycifloro?.,  with 
the  petals  distinct  or  coherent  ana  (with  the  stamens)  inserted  on 
the  calyx  (perigynous) ;  3.  Corollijlorce,  with  the  petals  coherent, 
and  inserted  on  the  receptacle  (the  stamens  being  inserted  on  the 
corolla) ;  and,  4.  Monochlamydece,  or  plants  with  a  perianth,  or  a 
single  circle  of  envelopes. 

In  De  Candolle's  enumeration  of  the  families,  which  had  greatly 
increased  in  number  from  Jussieu's  list,  the  reverse  order  of  sequence 
is  followed,  the  higher  plants  standing  first.  As  regards  this  point, 
however,  it  is  a  misconception  to  place  the  Thalamrflorce  first  among 
the  Dicotyledons,  since  they  arc  manifestly  inferior  to  the  Calyciflorce 
and  even  to  the  Corolliflorce. 
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DE  CANDOLLE'S  SYSTEM. 

A.  Plants  Vasculares  seu  Cotyledoneae. 

Class  I.  Exogene^e  seu  Dicotyledone^. 
Subclass  1.  Thalamiflora?. 
„      2.  Calyciflorse. 
„      3.  Corolliflora?. 
„      4.  Monochlainydeae. 
Class  II.  Endogene^s  seu  Monocotylebone-e. 
Subclass  1.  Phanerogamae. 
„      2.  Cryptogamse. 

B.  Plantse  Cellulares  seu  Acotyledoneae. 

Subclass  1.  Eoliaceae. 
„      2.  Aphylke. 

The  orders  were  arranged  in  groups  or  cohorts,  and  to  a  large  extent 
are  retained  at  present. 

356.  During  the  last  twenty  years  a  great  many  attempts  have 
been  made  to  distribute  the  Orders  more  satisfactorily  into  Classes 
and  primary  Divisions.  Endlicher,  Bartling,  Heisner,  Brongniart, 
Lindley,  and  many  other  authors  have  published  Systems  of  their 
own.  That  of  Endlicher  has  been  extensively  used,  and,  moreover, 
is  the  basis  of  arrangement  in  his  great  '  Genera  Plantarum,'  so  that 
it  will  be  useful  to  give  the  principal  divisions  here  for  comparison 
with  others.  Lindley' s  views  of  classification  have  been  modified  in 
successive  works  ;  but  as  his  '  Vegetable  Kingdom '  is  the  most  im- 
portant general  systematic  work  we  have  in  the  language,  it  is 
desirable  to  give  the  classification  adopted  in  that  volume.  In  both 
these  Systems  the  primary  divisions  are  founded  on  characters  of  the 
Yegetative  organs ;  and  in  both  an  attempt  is  made  to  group  the 
Orders  into  small  natural  assemblages,  called  Classes  by  Endlicher, 
and  Alliances  by  Lindley.  A  comparison  of  these  will  indicate  some 
of  the  diversities  of  opinion  which  exist  among  botanists  as  to  the 
affinities  of  the  natural  Orders. 

ENDLICHEE'S  SYSTEM. 

Begion  1.  ThaUophyta. 

Sect.  I.  Protophyta. 
„    II.  Hysterophyta. 

Begion  2.  Cormophyta. 
Sect.  III.  Acrobrya. 

Cohort  1.  Acrobrya  anophyta. 
„     2.  Acrobrya  protophyta. 
„     3.  Acrobrya  hysterophyta. 


lindley's  system. 
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Sect.  IV.  Amphibrya. 

„       V.  AcRAMPHIBRYA. 

Cohort  1.  Gymnospermae. 
„     2.  Apetalee. 
„     3.  Gamopetalaa. 
„     4.  Dialypetalae. 
The  cohorts  are  suhdivided  into  classes,  and  these  again  into  orders. 


LINDLEY'S  SYSTEM. 

Class     I.  Thallogens. 
„      II.  Acrogens. 
„    III.  Ehizogens. 
„     IV.  Endogens. 
„      V.  Dictyogens. 
„     VI.  Gymnogens. 
„   VII.  Exogens. 

Subclass  1.  Diclinous. 

„      2.  Hypogynotts. 

„      3.  Perigynotjs. 

„      4.  Epigynous. 

A  striking  peculiarity  of  both  these  systems,  Endlicher's  and  Lindley's, 
is  the  separation  of  the  root-parasites,  the  Orders  Balanophoreae,  Cytineae, 
and  Raffiesiacese,  from  the  ordinary  flowering  plants,  to  constitute  a  distinct 
class,  named  Rhizanths.  We  agree  with  the  views  of  E.  Brown,  Griffith, 
and  Hooker,  who  regard  such  separation  as  unnatural,  and  the  combina- 
tion of  these  families  under  one  head,  on  account  of  similarity  of  habit,  as 
strongly  opposed  to  their  more  essential  characters.  Dictyogens  form  a 
group  intermediate  between  exogens  and  endogens ;  but  by  most  botanists 
it  is  considered  that  they  pertain  to  the  latter.  In  Lindley's  system  the 
subclasses  are  divided  into  alliances,  comprising  each  a  number  of  orders, 
for  the  limitation  of  which,  as  well  as  for  a  general  history  of  the  various 
systems  of  classification  that  have  been  proposed,  we  refer  the  reader  to 
the  '  Vegetable  Kingdom,'  an  admirable  encyclopaedia  on  all  points  relating 
to  systematic  botany  and  the  uses  of  plants.  Since  the  publication  of  that 
work,  a  very  important  work  on  systematic  botany  has  been  commenced 
by  Mi-.  Bentham  and  Dr.  Hooker,  entitled  'Genera  Plantarum.'  This 
work,  so  far  as  at  present  published,  comprises  a  description,  in  Latin,  of 
all  the  genera  of  Polypetalous  exogens,  together  with  analytical  tables 
admitting  of  the  ready  determination  of  any  particular  genus.  The  plan 
followed  up  to  this  time  is  a  slight  modification  of  the  Jussieuan  arrange- 
ment, as  follows : — 
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BENTHAM  AND  HOOKEE'S  SYSTEM. 
Class  1.  Dicotyledon.es. 

Subclass  I.  Angiospeiime2e. 
Group  i.  Polypetalce. 

Series  1.  Thalamiflorae. 
„    2.  Disciflorae. 
3.  Calyciflorse. 
Group  ii.  Monopetalce. 

Series  1.  Ovary  inferior. 
„    2.  Ovary  superior. 
Group  iii.  Monoclilamydece. 
Group  iv.  Achlamydece. 
Subclass  II.  Gymnospeemeje. 
Class  2.  Monocotyledones. 

Group  i.  Petaloidem. 

Series  1.  Ovary  inferior. 
„     2.  Ovary  superior. 
Group  ii.  Glumacece. 
Class  3.  Acotyledones. 

Subelass  I.  Acbogens. 
Subclass  II.  Thaelogens. 

Subordinate  to  the  series  are  cohorts,  or  groups  of  orders,  of  equal  value 
though  with  different  limitations,  with  the  alliances  of  Lindley.  The 
only  point  which  requires  explanation  here  is  as  to  the  series  Discijiorce, 
which  includes  those  hypogynous  polypetalous  exogens  in  which  there  is 
a  conspicuous  disk  or  series  of  hypogynous  glands,  into,  within,  or  upon 
which  the  stamens  are  inserted.  The  following  arrangement  is  that 
adopted  by  Professor  Henfrey  in  the  first  edition  of  this  work,  with  a 
few  slight  modifications  inserted  with  a  view  to  bring  it  into  harmony 
with  other  systems,  and  to  enhance  the  convenience  of  the  student : — 

SYSTEM  ADOPTED  IN  THIS  WOKE. 

Vegetable  Eingdom.  _^ 
Subkingdom  I.  Phaneroganiia  or  Sperinocarpia  {Flowering  Plants). 


Div.  I.  Ajtgiospeemia. 
Class  1.  Dicotyledones. 
Series  1.  Polypetalae. 

Subclass  1.  Tbalamiflora). 
„      2.  Calycifloroe. 
Series  2.  Gamopetalae. 
Subclass  3.  Corolliflorce. 


Series  3.  Apetalae. 

Subclass  4.  Incompleta;. 
Class  2.  Monocotyledones. 
Subclass  1.  Spadiciflora. 
„      2.  Pctaloidoffi. 
„      3.  Glumifcrae. 

Div.  II.  Gyiixospeumia. 


DICOTTLEDONES. 
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Subkingdom  II.  Sporocarpia  or  Cryptogamia  (Flowerless  Plants). 

DlT.  I.  ANGIOSPOB2E.  DlV-  H.  GYMNOSPORiE. 

Class  1.  Sporogamia.  Class  1.  Hydrophyta. 

„    2.  Thallogamia.  „    2.  Aerophyta. 

„    3.  Axogamia.  „    3.  Hysterophyta. 

In  the  following  systematic  description  of  the  Natural  Orders,  the 
characters  of  the  most  important  are  given  at  length,  with  the  necessary 
particulars  respecting  their  affinities,  geographical  distribution,  and  the 
qualities  of  the  more  important  plants  they  contain.  To  most  is  prefixed 
a  short  diagnosis ;  and  a  similar  diagnosis,  or  a  few  explanatory  remarks, 
piinted  in  smaller  type,  are  accorded  to  those  Orders  which  either  are  not 
marked  by  very  decided  characters,  or  which  do  not  demand  so  much 
attention  from  the  beginner.  In  most  cases  the  views  of  other  botanists 
as  to  the  position  and  limitation  of  the  groups  are  briefly  mentioned. 
Under  each  Order  are  placed  the  names  of  one  or  more  genera  which 
furnish  good  illustrations  and  are  generally  accessible  for  practical  exami- 
nation. Comparatively  few  figures  are  given  in  this  part  of  the  work, 
since  it  must  be  strongly  impressed  upon  the  student  that  actual  exami- 
nation of  plants  is  absolutely  necessary  for  the  acquisition  of  available 
knowledge  of  characters ;  and  the  substitution  of  dra wings  for  descriptions 
in  elementary  works  tends  to  encourage  a  superficial  manner  of  examining 
plants,  and  to  render  the  ideas  connected  with  the  individual  Orders  too 
abstract  and  too  much  limited  to  particular  forms. 

An  artificial  Key  to  the  principal  Natural  Orders  will  be  found  at  the 
end  of  the  descriptions  of  the  Orders. 


CHAPTER  III. 
SYSTEMATIC  DESCRIPTION  OF  THE  NATURAL  ORDERS. 

THE  VEGETABLE  KINGDOM. 
Subkesgbom  I.  PHANEROGAMIA,  or  FLOWERING  PLANTS. 

Plants  producing  stamens  and  pistils,  and  seeds  containing  an 
embryo. 

Division  I.  Angiospermia. 

Flowering  plants,  with  the  ovules  formed  in  closed  ovaries. 

Class  I.  DICOTYLEDONES. 
Angiospermous  Flowering  Plants,  with  stems  having  pitb  and  bark 
separated  by  a  compact  layer  of  wood,  which,  in  perennial  plants, 
receives  annual  additions  on  the  outside,  beneath  the  bark ;  leaves 
with  the  ribs  mostly  distributed  in  a  netted  pattern  and  generally 
diminishing  m  size  as  they  branch ;  parts  of  the  floral  circles  mostly 
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5  or  4,  or  some  multiple  of  those  numbers,  rarely  3  ;  embryo  with  a 


Fig.  328.  Fig.  330. 


a 


Pig.  328.  Netted- veined  leaf  of  a  Dicotyledon. 
Fig.  329.  Quinary  plan  of  the  flower. 
Figs.  330  &  331.  Dicotyledonous  embryos. 


Fig.  333. 


Subclasses  of  Dicotyledons. 


,   .  Fie  334.  Cnlycifloric  {Fanicui«'»  )■ 

Fig.  332.  Thalnmiflorrc  (Ranunculus).  FjB  3gg  (^ujflorte  (Symphytum) 

Fig.  333.  Calyciflonc ^^""^mploto  (MonocUam&o.)  (.mm). 
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pair  of  cotyledons,  and  a  radicle  which  is  developed  into  a  tap-root 
in  germination. 

Series  1.  Polypetalffi. 

Petals  distinct,  rarely  absent  or  united. 

Subclass  1.  THALAMIFLOR/E. 

357.  Dicotyledons  having  mostly  both  calyx  and  corolla ;  calyx 
free  (not  adherent  to  the  ovary)  ;  corolla  composed  of  distinct  petals, 
which,  with  the  stamens,  spring  from  the  receptacle  (hypogynous). 


Order  I.  RANUNCULACEiE. 


The  Crowfoot  Order. 


Class.  Polycarpicse,  Endl.    All.  Ranales,  Lincll.    Cohort.  Ranales.  tr-L*m 
Benth.  et  Hook.  StjJuU—  . 

358.  Diagnosis. — Herbs  (or  climbing  shxubsA.  with^a  colourless 
acrid  juice;  leaves  alternate,  rarely  oj)ii6tite.  simple  or  deeply^, /3>«-£Z*~ & 
divided  ;  leaf-stalk  often_  she^^n^jit_thebasejflowers  regular, or 
irregMar,  polypetalous  or  occas^oiu^y~ag^aTous7~with  the  calyx 
petaloid;  the  sepals,  petals,  ninnm-artr  stamens,  ill  dirtinwfc  and  /^V""' 
hypogynous;  carpels,  many  or  few  (rarely  solitary),  all  diotinot;  a-fi*' 
seed  albuminous ;  embryo  small.     faskpuLJCZ  -*<=yi*  % 

Fig-  338.  jfajatizi 


Fiff.  337. 


Fig.  337.  Achene  of  Ranunculus,  cut  vertically  to  show  the  seed,  with  an  embryo  at  the  base 
of  albumen. 

Fig.  338.  Flower  of  Aconite,  side  view,  showing  the  irregular  petaloid  calyx. 
Fig.  339.  The  same,  with  the  sepals  removed,  showing  the  deformed  petals  and  the  numerous 
hypogynous  stamens. 

Cliaracter. 

Thalamus  convex  or  flat,  often  elongated,  very  rarely  concave. 
Calyx  gr£e^or_p£taloid,  regular  or  irregular  (fig.  338) ;  sepals  3-6, 

tK        f*.  A- 
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hypogynous,  deciduous,  occasionally  persistent,  usually  imbricated 
in  Gestivationfsometimes  valvate  or  induplicate^  ^//A 
Corolla :  petals  a!-15,  distinct,  hypogynous,  in  dfre  or  more  rows, 

sometimes  deformed  (fig.  339)  or  wanting. 
Stamens  indefinite,  or  very  rarely  definite,  hypogynous ;  antliers  ad- 
na|ex  bursting  longitudinally. 
^..^  jr Qvari e$  several  or  few,  simple,  1 -celled,  distinct,  or  Ygrv rarely 
ijK V, r      coherent  below  to  form  a  compound  many-celled  .asaxy;  styles 
Q-  simple  ;  cells  1-  or  many-seeded ;  plnrfir>tqp  Hf.  t,ViP  ventral. sjitures ; 

y-'  ovules  anatropous. 

Fruit:  a  collection  of  dry  achenes,  &.  1-  or  few-seeded  berry,  or  a 
circle  of  follicles  more  or  less  coherent  below,  bursting  at  the 
ventral  suture ;  seeds  solitary,  erect  or  pendulous,  or  rarely  hori- 
zontal in  two  rows  ;  embrvo  straight,  minute,  in  the  base  or  within 
the  apex  of  horny  albumen  (fig.  337). 


Illustrative  Gjeneha. 


Tribe  1.  Clematide-s:.  Mostly 
climbing  plants  toith  opposite  leaves. 
Calyx  valvate  or  induplicate ;  fruit 
of  achenes,  usually  surmounted  by  the 
persistent  and  plumose  style. 
Clematis,  L. 
Tribe  2.  Anemones.  Calyx  usu- 
ally coloured,  imbricated;  achenes 
sometimes  tailed ;  seed  inverted. 
Thalictrum,  Tournef. 
Anemone,  Holler. 
Adonis,  DC. 
Tribe  3.  Eanunculeje.  Calyx 
imbricated ;  achenes  not  tailed ;  seed 
erect. 


Tribe  4.  Hellebobeje.  Calyx 
imbricated ;  petals  irregular  or  none ; 
fruit  of  many-seeded  follicles,  more 
or  less  coherent,  rarely  baccate. 

Caltha,  L. 

Helleborus,  Adans. 

Nigella,  Tournef. 

Aquilegia,  Tournef. 

Delphinium,  Tournef. 

Aconitum,  Tournef. 

Actaea,  L. 

Tribe  5.  P^o^ie^e.    Calyx  im- 
bricated ;  petals  jlat  or  none ;  carpels 
forming  dehiscent  piods,  surrounded  at 
the  base  by  a  disk. 
Pseonia,  Tournef. 


Ranunculus,  L. 

Affinities.— The  characters  which  are  almost  universally  found  through- 
out the  genera  of  Ranunculacese  are  the  free  sepals  and  nej^lfi,  thp 
finite  stamen  a.  the  inverted  ovules,  and  ine  presence  of  albumen.  None 
ffl  these,  taken  separately,  are  absolutely  characteristic  ot  the  order, 
though  collectively  they  are  of  the  greatest  importance.  The  other  cha- 
racters are  all  more  or  less  inconstant  or  variable  throughout  the  order, 
some  of  the  genera  possessing  them,  others  not.  The  conditions  of  the 
calyx  and  corolla,  and  also  of  the  ripe  fruit,  are  not  only  normally  very 
varied  in  the  different  genera,  but  are  readily  affected  and  altered  by 
cultivation.  The  affinities  of  the  Order  are  somewhat  complex:  the 
structure  of  the  essential  organs  allies  them  closely  to  the  Magnohacere 
and  Dilleniacena,  the  former  of  which,  however,  have  distinct  stipules, 
while  the  latter  have  arillate  seeds;  and  both  difler  m  habit.  Some 
genera  are  closely  related  to  the  Berberidacea;,  from  which,  however, 
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they  differ  in  the  indefinite  stamens  and  in  the  sutural  (not  valvular)  dehis  J 
cence  of  the  anthers.    From  Nymphseacero  and  Papaveracese,  which  they  \ 
resemble  in  certain  respects,  they  are  distinguished  by  their  distinct  J 
carpels,  and  in  the  case  of  the  Poppies  by  their  watery  (not  milky)  juiced 
Relations  exist  also  with  some  Calyciflorse,  as  with  Rosacea?,  from  which 
the  present  Order  is  known  by  its  hypogynous  stamens,  the  abundant 
albumen  of  the  seeds,  and  the  general  properties.    Sheathing  bases  ot  the 
leaves,  resembling  adnate  stipules,  occur  here  and  m  Urnbelliferse,  and 
they  somewhat  resemble  the  stipules  of  Rosa.    A  kind  of  representation 
of  this  Order  occurs  among  the  Monocotyledons,  in  Alismacese,  where 
the  free  carpels  and  the  habit  give  a  resemblance  to  those  Ranunculaceae 
which  have  a  ternary  calyx.    The  Pajonies  approach  the  Nyrnphseaceae 
in  the  disk,  which  is  remarkably  developed  in  P.  Moutan,  almost  entirely 
enclosing  the  carpels ;  the  stamens  of  Pseonies  also  are,  owing  to  a  slight! 
excavation  of  the  receptacle,  perigynous  rather  than  strictly  hypogynous.] 
Number  and  Distribution. — This  Order  contains  from  30  to  40  genera  ana 
a  large  number  of  species,  which  latter  are  most  abundant  in  damp,  cool 
climates,  and  are  scarcely  met  with  in  the  tropics,  except  on  mountains. 

Qualities  and  Uses. — The  plants  of  this  Order  generally  possess  acrid 
and  more  or  less  narcotic-acrid  properties,  some  being  virulent  poisons. 
The  poisonous  property  resides  in  the  watery  juice,  and  is  in  most  cases 
volatile,  and  capable  of  dissipation  by  heat,  or  even  simple  drying,  and  by 
infusion  in  water.  It  appears  to  be  heightened  in  power  by  acids,  spirits, 
sugar,  &c.  The  species  of  Ranunculus  (Crowfoots  or  Buttercups)  are  acrid 
when  fresh,  especially  R.  sceleratus  and  R.  Flammula.  Similar  properties 
prevail  in  the  tribes  Clematidece  and  Anemonea.  The  Helleborece  are  the 
most  active  of  the  Ranunculaceae,  the  species  of  Aconitum  (Monkshood) 
being  among  the  most  dangerous  of  poisonous  plants,  and  containing  an  ex- 
tremely powerful  alkaloid,  aconitina.  The  species  of  this  genus  appear  to 
differ  in  the  quality  of  their  juices  when  grown  under  varied  conditions, 
somewhat  like  the  Hemp  plant,  since  the' roots  of  the  most  poisonous  of 
them  are  said  to  be  eaten  with  impunity  in  the  higher  parts  of  the  Hima- 
layas. The  species  of  Aconite  have  been  much  confused  by  botanical 
writers :  A~  Nape^x  and  A.  Cammarum  (paniculatutn)  are  well-known 
poisonousEuropean Monkshoods ;  and,  according  to  Dr.  Hooker,  the  cele- 

"  ^iscrimjnfl.t.p.lv  from  A.  Ti- 


trated "  Bjkh  "  P^SQmtf  Tniiia  la  obtain t»rl  jmrl 

pellus,  luridum.  Ifod^palmatpm^  aa  well  as  from  A.  ferox.  L..  which  was 
sffiboseaTobe  the"  sole  source.    The  veliow 


lup^osedTobe  thesofesourceTlTie "yellow  A.  Dgcoctmtim  of  Central 
Europe  is  far  less  active.  The  seeds  of  Delphinium  Staphisagria  (Staves- 
acre)  are  drastic  purgatives  and  emetics ;  the  Hellebores,  Helleborus  niger, 
orientalis,  and  foetida  especially,  are  likewise  violent  evacuants,  and  the 
Pseonies  fall  into  the  same  category.  The  berries  of  the  Actece  are  poi- 
sonous. Some  of  the  milder  plants  are  used  as  tonics,  on  account  of  the 
powerful  bitter  they  contain,  as  the  Yellow-root  (Hydrastis  canadensis) 
and  the  Gold-thread  (  Coptis  trifoliata),  both  North-American  plants.  The 
pungent  seeds  of  Nigella  sativa  were  formerly  used  as  pepper. 
'  Many  of  the  Ranunculacese  are  favourite  garden  plants:  for  example 
w6;/8?6^68  °^  Clematis,  Anemone,  Ranuncidus,  Eranthis  (Winter  Aconite), 
Helleborus,  Nigella,  Aquilegia  (Columbines),  Delphinium  (Larkspurs), 
Acomlum  (Monkshoods),  and  Pceonia.  Many  of  them  readily  become 
double  under  cultivation. 
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Order  II.  DILLENIACEiE. 

Class.  Polycarpicse,  Midi.    All.  Ranales,  Lindl.    Coh.  Ranales, 
Benth.  et  Hook. 

359.  Diagnosis. — Trees  or  shrubs  with  mostly  alternate  and 
leathery  leaves,  destitute  of  stipules  ;  an  imbricated  5-merous  calyx 
and  corolla  (the  former  persistent) ;  numerous  hypogynous  stamens ; 
2-5  distinct  or  rarely  coherent  carpels  (sometimes  1);  seeds  several, 
2,  or  1  by  abortion,  arillate ;  albumen  fleshy. 

Illustrative  Geneba. 


Dillenia,  L. 
Hibbertia,  Andr. 


Oandollea,  Labill. 
Heniistenima,  Commers. 


Affinities. — Connected  with  Ranunculaceas  by  many  important  points 
of  structure,  these  plants  are  at  once  distinguishable  by  the  arborescent 
habit,  the  persistence  of  the  calyx  and  the  stamens,  and  the  arillate  seed ; 
they  are  even  nearer  to  the  Magnoliacese,  but  have  no  stipules,  and  the 
plan  of  the  flower  is  here  5-merous ;  they  are  also  related  to  the  Ano- 
nacese,  which,  however,  have  a  valvate  calyx  and  ruminated  albumen. 
Some  of  the  genera  {Semistemma,  Pleurandra)  have  all  the  stamens  on 
one  side  of  the  flower ;  others  have  them  united  into  separate  bundles.  A 
relationship  between  this  Order  and  the  Ternstrosmiacese  is  established 
by  the  genus  Sauraja. 

Number  and  Distribution. — A  small  group,  the  species  of  which  are 
natives  chiefly  of  India,  South  America,  and  Australia;  a  few  also  of 
Africa,  between  the  tropics. 

Qualities  and  Uses. — The  general  character  of  this  Order  is  astringency, 
which  renders  some  of  them  valuable  in  Brazil.  Some  of  the  Dillenice 
are  valued  in  India  for  their  acid  juices. 

Most  of  the  species  of  Dillenia  are  very  handsome,  both  as  to  foliage  and 
blossom ;  and  some  of  the  larger  hinds  yield  hard,  durable  timber ;  several 
species  are  cultivated  in  large  collections  of  stove  or  greenhouse  plants  in 
this  country,  where  they  are  evergreen  shrubs ;  Delima  and  Tetracera  are 
stove  climbers. 


Order  III.  MAGNOLIACEiE. 

Class.  Polycarpicse,  Midi.   All.  Ranales,  Lindl.    Coh.  Ranales, 
Benth.  et  Hook. 

360.  Diagnosis.— Trees  or  shrubs,  with  the  leaf-buds  mostly 
sheathed  by  membranous  stipules ;  leaves  alternate,  simple  ;  flowers 
regular,  polypetalous,  hypogynous,  polyandrous,  polygynous ;  the 
calyx  and  corolla  coloured  alike,  in  three  or  more  3-mcrous  circles, 
imbricated  in  the  bud  ;  fruit  of  numerous  dry  or  succulent,  dehiscent 
or  indehiscent  carpels ;  the  seeds  often  with  a  fleshy  testa  like  an 
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aril,  and  suspended  by  a  long  funiculus;  albumen  fleshy,  homo- 
geneous. 

Illustrative  Genera. 
Tribe  1.  Magnolia.    Carpels  I     Tribe  2.  Winteheje.    Carpels  in 
arranged  in  a  cone ;  leaves  scarcely    a  circle ;  leaves  with  transparent  dots ; 
dotted.  stipules  often  wanting. 

Magnolia,  L.  Liriniys,  R.  Br. 

Lfriodendron,  L.  Ulicium,  L. 

Affinities.— Closely  related  to  Dilleniacese,  this  Order  is  distinguished 
by  the  3-merous  flowers,  and  in  many  cases  by  its  stipules ;  from  the 
Anonacea?  it  is  separated  by  its  imbricated  corolla  and  its  homogeneous 
albumen.  The  convolute  stipides  enclosing  the  leaf-buds  of  Magnolia 
remind  us  of  the  stipides  of  Ficas  and  other  Urticacese.  The  character  of 
the  flowers  indicates  a  relationship  with  Schizandraceae,  which,  indeed, 
are  combined  with  them  by  Bentham  and  Hooker. 

Number  and  Distribution. — A  small  group,  the  greater  number  of  which 
belong  to  the  Southern  States  of  North  America ;  some  occur  also  in  the 
West-India  Islands,  in  Japan,  China,  and  India.  Drimys  and  Tasmannia 
belong  to  the  extreme  south  of  South  America,  to  Australia,  and  New 
Zealand. 

Qualities  and  Uses. — Bitter  tonic  properties  in  the  bark  and  excessively 
fragrant  blossoms  are  the  most  striking  qualities  of  the  plants  of  this 
Order,  which  are  chiefly  handsome  trees  or  shrubs,  with  broad  shining 
foliage  and  often  very  large  flowers.  The  barks  of  Magnolia  glauca,  grandi- 
flora,  Frazeri,  &c.  are  used  extensively  in  the  United  States  as  aromatic 
tonics;  Michelia  montana^Aramodendron  elegans,  and Idnodendron  tulipifera 
have  similar  properties.  The  odour  of  Magnolia  grandiflora,  commonly 
cultivated  in  this  country,  and  of  M.  glauca  and  M.  tripetala,  is  so  powerful 
as  to  become  very  oppressive  in  close  places ;  the  last  two  often  induce 
headache,  and,  it  is  said,  sickness,  and  even  fever.  The  species  of  Ulicium 
are  aromatic:  Ulicium  anisatum, Star- Anise,  is  so  called  from  the  flavour 
of  aniseed  in  the  whole  plant,  especially  the  fruit,  which  yields  an  aro- 
matic oil.  I.fioridanum.  has  sinidar  properties ;  and  the  seeds  of  I.  reli- 
giosum  are  burnt  in  their  temples  by  the  Chinese  for  incense.  The  bark 
called  Winter's  bark  is  that  of  Drimys  Winteri;  and  other  species  of 

'imijs  and  Tasmannia  have  similar  aromatic  and  tonic  properties.  Some 
of  the  larger  species  of  Magnolia,  Michelia,  and  other  genera  are  valued  as 
timber  trees  in  India.  Many  plants  of  this  Order  are  cultivated  in  this 
country  on  account  of  their  beauty  or  fragrance ;  some  are  hardy,  as  various 
Magnolias  and  the  Tulip-tree  (Liriodendron)  from  North  America.  Some 
of  the  Chinese  and  Himalayan  Magnolias  have  deciduous  foliage  and 
magnificent  flowers,  such  as  M.  Campbelli  and  M.  Yidan ;  others  are  green- 
house or  stove  shrubs,  such  as  the  species  of  Ulicium  and  the  more  tender 
Magnolias. 
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Order  IV.  ANONACEiE.    The  Custard-Apple  Order. 

Class.  Polycarpicae,  Midi.    All.  Ranales,  Lindl.    Coh.  Ranales, 
Bcnth.  et  Hook. 

361.  Diagnosis. — Trees  or  shrubs  with  naked  buds  and  no  stipules  ; 
thalamus  usually  convex  ;  calyx  of  three  sepals ;  corolla  of  six  petals 
in  two  circles,  usually  valvate  in  the  bud,  hypogynous,  sometimes 
coherent ;  stamens  with  an  enlarged  connective,  mostly  indefinite, 
on  a  large  torus ;  carpels  usually  numerous,  separate  or  cohering ; 
seed  with  ruminated  albumen. 

ILLUSTRATIVE  GeNEBA. 


Bocagea,  St.-Hil. 
Xylopia,  L. 
Uvaria,  L. 


Duguetia,  St.-Hil. 
Anona,  L. 
Monodora,  Dun. 


Affinities. — This  Order  is  separated  from  the  Magnoliaceaa  in  general  by 
the  absence  of  stipules,  the  valvate  aestivation  of  the  corolla,  and  the  form 
of  the  anthers ;  but  stipules  are  not  universal  in  the  Magnoliacese,  nor  is 
the  corolla  always  valvate  here.  The  most  characteristic  features  in  the 
Anonaceae  are  the  trimerous  flowers,  the  double  corolla,  the  form  of  the 
anthers  and  carpels,  and  the  ruminated  albumen,  which  latter  indicates  a 
relationship  to  the  Myristicacese,  an  apetalous  Order.  Several  remarkable 
deviations  from  the  general  character  of  the  Order  exist,  such  as  the  cohe- 
rent condition  of  the  horn-like  petals  in  Bollinia,  the  definite  number  of 
stamens  and  carpels  in  Bocagea  (which  is  related  to  the  Berberidacese  and 
the  Menispermacese),  and  the  concave  thalamus,  the  sepals  and  petals  com- 
bined to  form  a  hood,  and  the  perigynous  stamens  of  Evpomatia  laurina. 
Monodora  has  a  single  carpel. 

Number  and  Distribution. — A  not  very  numerous  family,  the  species 
are  natives  of  the  tropical  regions  of  Asia,  Africa,  and  America. 

Qualities  and  Uses. — The  Anonaceae  are  allied  to  the  Magnoliacea?  by 
their  general  aromatic  and  fragrant  properties.  The  dry  fruits  are  mostly 
aromatic  and  pungent,  while  the  succulent  kinds  are  sweet  and  agreeable 
escident  fruits.  The  Custard-appies,  Sweet-sops,  and  Sour-sops  of  the 
"West  Indies,  and  the  Peruvian  Cherimoyas  are  the  fruits  of  species  of 
Anona.  The  fruits  of  Xylopia  aromatica  are  used  as  pepper  by  the  African 
negroes  (Piper  cethiopicuni).  Monodora  Myristica,  the  Calabash  Nutmeg, 
has  qualities  resembling  the  true  Nutmeg.  Lance-wood,  used  for  making 
shafts,  bows,  &c,  is  said  by  Schomburgk  to  be  the  wood  of  Duguetia  qui- 
tarensis.  Some  of  the  species  of  Anona,  Uvaria,  Xylopia,  &c.  are  some- 
times cultivated  in  stoves  in  this  country,  forming  evergreen  shrubs. 

(The  Monimiaceje  are  aromatic  trees  or  shrubs  with  opposite  leaves 
without  stipules ;  flowers  axillary,  diclinous ;  perianth  in  1  or  2  circles, 
tubular  below;  stamens  numerous,  in  the  tube;  ovaries  several,  free,  and 
distinct,  enclosed  in  the  tube  of  the  perianth,  1-celled,  1 -seeded;  seeds 
pendulous ;  embryo  minute,  on  the  outside  of  abundant  fleshy  albumen. 
This  is  a  small  Order  of  plants  belonging  chiefly  to  South  America,  but 
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occurring  also  in  Madagascar,  Java,  Australia,  &c. ;  sometimes  combined 
with  the  next  family,  and  usually  referred  to  the  neighbourhood  _  of 
Lauracea?,  from  which  they  are  distinguished  by  their  apocarpous  ovaries, 
but,  like  the  Atherospermaceas,  standing  properly  in  the  vicinity  01  me 
Anonacese,  along  with  MyristicaceiB ;  for  some  genera  are  dichlamydeous. 
They  are  also  related  to  Calycanths  and  Roses,  but  they  differ  from  these 
Orders  in  their  opposite  exstipulate  leaves  and  albuminous  seeds.  ±5entham 
and  Hooker  place  them  near  Magnoliacea?,  to  which  their  aromatic  proper- 
ties ally  them.  They  are  not  of  importance  economically ;  the  fruit  ot 
Boldoa  is  eaten  in  Chili.  Genera :  Monimia,  Thouars ;  Citrosma,  K.  &  f. ; 
Boldoa,  Juss. ;  Hortonia,  Wight.) 


Order  V.  MENISPERMACEiE.   The  Moon-seed  Order. 

Class.  Polycarpicae,  Midi.    All.  Menispermales,  Lindl.    Coh.  Ranales, 

Benth.  et  Hook. 

362.  Diagnosis. — "Woody  climbers,  with  palmate  or  peltate  alter- 
nate leaves,  without  stipules ;  flowers  dioecious,  rarely  perfect  or 
polygamous;  sepals  and  petals  similar,  in  three  or  more  circles, 
imbricated  or  valvate  in  the  bud ;  stamens  usually  6,  opposite  the 
sepals  and  petals ;  pistil  3-6-gynous  ;  fruit  a  1-seeded  drupe,  with  a 
large  or  long  curved  embryo  in  scanty  albumen. 

Illustrative  Genera. 


Cissampelos,  L. 
Coceulus,  DC. 


Anamirta,  Coleb. 
Jateorrhiza,  Miers. 
Menispermum,  Tournef. 

Affinities. — This  curious  Order  is  related  to  the  Anonacese  and  the  Ber- 
beridacete  through  Bocagea,  especially  when  the  flowers  are  perfect.  Its 
nearest  neighbours  are  Lardizabalaceae  and  Scbizandracese,  with  which 
the  plants  agree  much  in  habit.  All  these  approach  the  Magnoliaceas  ;  but 
the  habit,  the  generally  unisexual  flowers,  and  the  absence  of  stipules 
separate  them  from  that  family. 

This  Order  is  very  heteromorphous  in  almost  all  parts  of  its  structure. 
The  pecidiar  organization  of  the  wood  deserves  attention,  as  does  also  the 
foliage. 

Number  and  Distribution. — A  somewhat  numerous  group,  the  species  of 
which  are  natives  of  the  tropics  of  Asia  and  America,  forming  woody 
climbers  of  great  size  in  the  forests.  A  few  are  found  in  more  temperate 
regions,  but  none  in  Europe. 

Qualities  and  Uses. — Narcotic  and  bitter  properties  of  considerable  power 
occur  in  this  Order.  "  Coceulus  Indicus,  containing  the  poisonous  prin- 
ciple picrotoxine  in  the  seeds,  consists  of  the  berries  of  Anamirta  pani- 
ciilata;  Jateorrhiza  Cohmiba  furnishes  "  Caluuiba-root ; "  different  species 
of  Cissampelos,  especially  C.  Pareira  ("  Pareira  brava  "),  are  used  as  tonics 
and  diuretics. 

Species  of  Coceulus  and  Cissampelos  are  grown  in  stoves  in  this  country ; 
some  ot  the  North- American  Menisperma  grow  as  hardy  climbers  here. 
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Order  VI.  LARDIZABALACEiE. 

363.  A  small  group,  referred  by  Bentharn  and  Hooker  to  Berberids,  and 
by  DeCandolle  to  Menisperms.  From  the  former  they  differ  in  their 
diclinous  flowers,  monadelphous  stamens,  sutural  dehiscence  of  the  anthers, 
and  more  numerous  ovaries.  From  the  latter  they  differ  in  their  more 
numerous  ovules  and  small  embryo  in  copious  solid  albumen. 

Illustrative  Genera. 
Hollbcellia,  Wall.    |    Stauntonia,  DC.    |   Lardizabala,  Ruiz  el  Pav. 

The  species  are  mostly  from  the  cooler  parts  of  Asia  and  South  America. 
The  berries  of  some  are  edible.  Hollbcellia  and  Stauntonia  (Nepal)  have 
been  introduced  as  greenhouse  evergreen  climbers. 


Order  VII.  SCHIZANDBACEiE. 

364.  A  small  family  regarded  by  Bentham  and  Hooker  as  a  tribe  of 
Magnoliaceae  (see  p.  201),  from -which  they  differ  merely  in  their  climbing 
habit,  exstipulate  leaves,  diclinous  flowers,  and  fleshy  2-3-seeded  carpels. 

Illustrative  Genera. 


Kadsura,  Juss. 
Hortonia,  Wight. 


Sphserostema,  Blum. 
Schizandra,  L.  C.  Rich. 


The  species  belong  to  India,  Japan,  and  the  S.  United  States.  They 
are  insipid  and  mucilaginous.  Schizandra  coccinea  (North  America)  is  a 
handsome  greenhouse  plant;  Sphcerostema  (Nepal)  has  been  introduced 
in  stoves. 

(A  small  Order  of  East-Indian  plants,  Sabiace^;,  are  related  to  the 
Menisperniacese  in  the  circumstance  that  the  sepals,  petals,  stamens,  and 
ovaries  are  all  placed  "  opposite  "  to  each  other,  but  they  have  o-merous 
hermaphrodite  flowers  and  a  syncarpous  pistil.  By  Bentham  and  Hooker 
they  are  placed  near  Sapindacese.) 


Order  VIII.  BERBERIDACEiE.    The  Berberry  Order. 

Class.  Polycarpicae,  JEndl.    All.  Berberales,  Lindl.    Coh.  Ranales, 

Benth.  et  Rook. 

365.  Diagnosis. — Shrubs  or  herbs,  with  regular  hermaphrodite 
flowers,  with  the  sepals  and  petals  both  imbricated  in  the  bud  in 
2  or  more  circles  of  2-4  each  (fig.  340) ;  hypogynous  stamens  as 
many  as  the  petals  and  opposite  to  them;  anthers  opening  by  2 
recurved  valves. 
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Character. 

Calyx  with  3-4-6  deciduous  sepals,  surrounded  by  petaloid  scales. 
Corolla :  petals  hypogynous,  as  many  as  the  sepals  and  opposite  to  them, 

or  twice  as  many,  sometimes  with  a  basal  appendage  inside. 
Stamens  equal  in  number  to  the  petals  and  opposite  to  them,  the  2- 

celled  anthers  opening  by  a  recurved  valve  to  each  cell,  or  rarely 

suturally  {Podophyllum). 
Pistil :  carpel  solitary,  free,  1-celled ;  style  somewhat  lateral ;  stigma 

orbicular;  placenta  sutural;  ovules  anatropous,  numerous  or  in 

pairs,  ascending  or  suspended. 
Fruit  baccate,  or  dry ;  seeds  crustaceous  or  membranous ;  embryo 

straight  in  the  centre  of  fleshy  or  horny  albumen. 


Illustrative  Genera. 


Berberis,  L. 
{Mahonia,  Nutt.) 


Caidophyllum,  Michx. 
Jeffersonia,  Bart. 


Epimediuni,  L. 
Leontice,  L. 

Affinities. — To  Ranunculaceffl  this  Order  is  related  closely  by  Jejfersonia 
and  Podophxjllum.  Epimedium  allies  the  Order  to  Fmnariaceos.  The  con- 
nexion with  the  Anonacefe  through  Bocagea  has  jr^.  o^q 
been  referred  to  above.  They  differ  from  Meni- 
sperms,  to  which  their  floral  arrangements  ally 
them,  in  their  hermaphrodite  flowers  and  small 
embryo.  The  remarkable  mode  of  dehiscence  of 
the  anthers  connects  this  Order  in  that  respect 
with  Lauracere  and  Atherospemiacea?  among  the 
Monochlamydese.  Caidophgllum  thalictroides,  a 
North- American  plant,  is  interesting  from  the 
development  of  its  fruit ;  the  pericarp  dehisces  Diagram  of  the  flower  of  Epi- 
very  early,  and  the  two  seeds  burst  out  and  medium:  a,  a,  braoteoles. 
ripen  into  naked  berry-like  bodies  with  a  succulent  testa.  The  leaves  of 
these  plants  are  simple  or  compound,  sometimes  reduced  to  the  condition, 
of  spines  (§  103).  The  ripe  anthers  possess  a  peculiar  irritability,  which 
causes  their  valves  to  turn  back  and  burst  when  touched. 

Distribution. — A  small  Order,  the  species  of  which  are  natives  of  tem- 
perate climates  in  America,  Europe,  and  the  northern  part  of  India. 

Qualities  and  Uses. — The  bark  of  the  root  of  some  of  the  Indian  species 
contains  a  bitter  principle,  on  which  account  it  is  used  as  a  tonic  in 
fevers  in  lieu  of  quinine.  The  Berberry  (the  fruit  of  Berberis  vidgaris) 
and  the  fruits  of  other  species  are  acid  and  astringent,  and  are  eaten  pre- 
served. The  stem  and  bark  are  used  by  dyers,  both  on  account  of  their 
astringent  properties  and  as  ingredients  in  a  yellow  dye.  The  rhizome  of 
Podophyllum  peltatum  furnishes  a  resin  which  has  purgative  properties, 
and  is  much  used  as  a  substitute  for  mercury.  The  leaves  of  this  plant 
are  narcotic ;  but  the  berries  are  edible. 

Berberis  vulgaris  is  a  British  plant,  often  cultivated  on  account  of  its 
/  m";1^  scarlet  berries ;  the  evergreen  Berberaceae,  B.  Aquifolium,  &c. 
{Mahonia,  Nutt.),  are  also  extensively  planted  on  account  of  their  shining 
pinnate  leaves  and  the  grey  bloom  on  their  black  berries.  Epimedium 
alpinum  is  a  rare  British  plant,  found  in  the  northern  counties. 
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Order  IX.  NYMPHiEACEiE.  Water-Lilies. 

Class.  Nelumbia,  Endl,.    All.  Nymphales,  Lindl.    Coh.  Ranales, 
Benth.  et  Jlook. 

366.  Diagnosis. — Aquatic  herbs  with  cordate  or  peltate  floating 
leaves,  and  solitary  showy  flowers,  proceeding  from  a  rhizome  growing 
at  the  bottom  of  the  water ;  the  partially  petaloid  sepals  and  the 
numerous  petals  and  stamens  imbricated  in  several  rows  are  partially 
or  wholly  adherent  to  a  large  fleshy  disk ;  the  numerous  carpels 
combined  into  a  many-celled  compound  ovary,  with  radiating  stigmas 
on  the  top  ;  ovules  all  over  the  spongy  dissepiments ;  embryo  minute, 
enclosed  in  a  separate  sac  at  the  end  of  the  copious  albumen. 


Illustbative  Genera. 


Nymphrea,  Neck. 
Nuphar,  Smith. 


Victoria,  Lindl. 
Euryale,  Salisb. 


Affinities. — The  relations  of  this  striking  Order  are  varied,  and  some 
difference  of  opinion  exists  among  botanists  even  as  to  their  position  in 
the  two  great  classes  of  Angiospermous  Flowering  plants.  The  embryo 
appears  to  be  truly  Dicotyledonous ;  and  if  we  range  the  Nyrnphaeacese  in 
that  class,  they  naturally  approach  the  Papaveracese  in  the  character  of 
the  ovary,  and  with  these  likewise  the  Pseony  tribe  among  the  Ranu- 
culacese,  especially  the  lands  with  a  highly  developed  disk.  The  cha- 
racter of  the  floral  envelopes  and  stamens  allies  them  to  the  Magnoliacea?. 
The  Neluinbiacese  and  Cabomhacese  are  immediately  connected  with 
them.  From  a  mistaken  view  of  the  structure  of  the  seed,  regarding  the 
vitellus  or  amniotic  inner  endosperm  as  a  cotyledon  (§  299),  Richard 
assumed  that  this  Order  was  Monocotyledonous ;  and  although  it  has 
proved  that  this  account  of  the  structure  of  the  embryo  was  incorrect,  the 
plants  are  so  anomalous  in  many  respects,  that  it  is  difficult  to  decide  as 
to  their  closest  relationships.  The  structure  of  the  rhizomes  is  quite  that  of 
Monocotyledonous  stems ;  the  habit  relates  them  to  the  Hydrockaridaceae ; 
and  the  structure  of  the  ovaries  indicates  some  affinity  with  Alismacese. 
When,  however,  we  regard  the  Dicotyledonous  embryo  and  its  germination, 
the  quaternary  or  quinary  plan  of  the  flowers,  and  the  netted  ribbing  of  the 
leaves,  together  with  its  close  relation  to  the  Dicotyledonous  Orders  above 
named,  the  balance  of  characters  is  strongly  in  favour  of  its  reference  to 
this  Class.  Nympha3aceae  are  very  interesting  in  structural  respects— as, 
for  example,  in  the  anomalous  condition  of  the  rhizomes,  the  remarkable 
development  of  the  leaves  in  Victoria,  the  curious  succession  of  forms 
between  petals  and  stamens  in  the  many-whorled  envelopes  of  the  flowers 
of  Nymphcca  and  Victoria,  the  various  degrees  of  development  of  the 
disk  and  enlarged  receptacle,  ranging  from  Nuphar  with  a  superior  ovary 
to  Victoria  with  its  ovary  sunk  in  the  receptacle  aud  its  stamens  and 
envelopes  raised  on  an  annular  disk,  the  seeds  growing  all  over  the  disse- 
piments, and  in  the  peculiar  condition  of  the  albumen. 
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Distribution. — A  small  family,  the  species  of  which  are  distributed 
throughout  the  world,  more  rarely  in  the  southern  hemisphere. 

Qualities  and  Uses. — These  plants  are  said,  on  doubtful  authority,  to  he 
sedative  and  narcotic.  More  important  characters  arise  from  the  presence 
of  starch  in  the  seeds  of  various  lands  of  Nymphcea,  of  Euryale  and 
Victoria,  which  are  used  as  food.  The  corn-like  rhizomes  of  some 
Nymphseas  are  eaten  in  Scinde,  others  in  Western  Africa.  Among  the 
most  remarkable  plants  of  the  Order  is  the  Victoria  regia,  a  native  of  the 
rivers  of  equatorial  America,  with  its  enormous  circular  leaves  and  beautiful 
flowers.  Our  native  Water-lilies,  the  white  (Nymphcea  alba)  and  yellow 
(Nuphar  lutea),  are  both  striking  objects,  and  the  cultivated  Nymphaa 
ccerulea  and  the  crimson  N.  rubra  illustrate  the  brilliancy  and  variety  of 
colour  in  this  beautiful  Order.  N.  gigantea,  a  blue-flowered  Australian 
species,  has  flowers  almost  as  large  as  those  of  the  Victoria. 

(Cabombace-Si,  consisting  of  only  two  species,  of  the  genera  Cabojnba 
and  Brasenia  (Hydropeltis),  are  sometimes  separated  from  Nymphreacese,  of 
which  they  are  a  reduced  form,  with  definite  sepals  and  petals,  hypogynous 
stamens,  and  distinct  carpels  with  styles  inserted  on  a  flattened  torus, 
and  containing  one  or  two  ovules  on  the  dorsal  suture.  They  are  closely 
allied  to  Ranunculacea?,  but  differ  in  the  embryo  enclosed  within  a  double 
albumen.  Both  genera  occur  in  America,  and  Brasenia  also  in  the  East 
Indies  and  Australia.) 


Order  X.  NELUMBI ACEiE .  Water-Beans. 

367.  Large  aquatic  plants,  like  Water-lilies,  but  with  distinct  carpels, 
forming  acorn-shaped  nuts  separately  imbedded  in  cavities  of  a  large  top- 
shaped  receptacle.    Seeds  solitary,  exalbuminous. 

Affinities,  &c. — This  Order  consists  apparently  of  the  two  species  of  Ne- 
lumbium — N.  speciosum,  supposed  to  be  the  Sacred  Egyptian  Bean,  found 
throughout  the  East  Indies,  but  no  longer  in  Egypt,  and  JV.  luteum  in 
North  America.  They  are  nearly  related"  to  Nymphseaceae,  through  Ca- 
bombacefe ;  and  both  are  included  in  that  family  by  Bentham  and  Hooker. 
The  enlarged  receptacle  of  the  fruit  is  very  curious,  and  the  peltate  leaves 
raised  above  the  water  on  long  stalks  are  remarkable  objects.  The  nuts 
are  the  ripened  carpels,  which  are  contained  in  separate  sockets  in  the  top 
of  the  receptacle;  the  seeds  have  large  flat  fleshy  cotyledons  applied 
against  the  plumule,  which  is  unusually  developed.  The  seeds,  as  also  the 
tubers  of  N.  luteum  and  the  rhizomes  of  N.  speciosum,  are  esculent,  being 
full  of  farina  at  certain  seasons. 

Order  XI.  SARRACENIACEiE. 

368  Polyandrous  and  hypogynous  Bog-plants,  with  hollow  pitcher- 
flowers  °r  tnunPet"sllaPed  leaves,  and  regular  polyandrous  hypogynous 

Illustrative  Genera. 
Sarracenia,  L.   |   Helianiphora,  Smth.   |   Darlingtonia,  Ton: 
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Affinities,  &c. — These  curious  plants,  chiefly  remarkable  for  their  ano- 
malous leaves,  forming  ascidia  (§  101)  or  pitchers,  are  few  in  number  con- 
sisting of  a  few  species  of  Sarracenia  in  the  United  States,  a  Darlinqlonia 
in  California,  and  MeUamphora  in  Guiana.  Sarracenia  has  a  very  large 
angular,  peltate  stigma,  while  that  of  Heliamphora  is  simple  and  truncate! 
They  are  regarded  as  related  to  Ranunculacese  by  the  4-5-merous  and 
imbricated  envelopes  and  the  numerous  hypogynous  stamens,  while  the 
coherence  of  the  carpels  into  a  compound  ovary  brings  them  at  the  same 
time  near  Papaveraceae ;  but  the  placentas  are  axile. 


Order  XII.  PAPAVERACEAE.    The  Poppy  Order. 

Class.  Rhceades,  Endl.    All.  Ranales,  Lindl.    Coh.  Parietales,  Benth.  et 

Hook. 

369.  Diagnosis. — Herbs  with  milky  (white  or  coloured)  juice,  al- 
ternate exstipulate  simple  or  lobed  leaves  ;  flowers  regular,  2-merous 
or  4-merous ;  sepals  caducous ;  polyandrous  ;  hypogynous ;  ovary 
syncarpous,  1-celled,  with  2  or  many  parietal  placentas. 

Character. 
Calyx :  sepals  2,  rarely  3,  caducous. 

Corolla:  petals  4,  rarely  6,  hypogynous,  mostly  crumpled  up  in 
aestivation. 

Stamens  free  and  distinct,  indefinite,  hypogynous ;  anthers  2-celled, 
bursting  longitudinally. 

Ovary  free,  composed  of  2  or  more  carpels  (very  rarely  distinct), 
1-celled;  ovules  numerous,,  very  rarely  solitary;  placentas  broad, 
parietal,  on  the  projecting  incomplete  dissepiments ;  style  short  or 
none;  stigmas  radiating,  double,  opposite  the  imperfect  dissepi- 
ments ;  ovules  anatropous  or  amphitropous. 

Fruit  capsular  (fig.  342)  with  a  number  of  placentas  on  imperfect 
septa,  or  pod-shaped  with  parietal  placentas,  the  dehiscence  val- 
vular or  porous  ;  seeds  mostly  numerous ;  embryo  minute,  straight, 
at  the  base  of  fleshy  oily  albumen. 

Illustrative  Geneba. 


Papaver,  Tournef. 
Glaucium,  Tournef. 


Eschscholtzia,  Cliam. 
Platystemon,  Benth. 


Chelidonium,  Tournef. 
Argemone,  Tournef. 

Affinities.— Taking  the  common  Poppies  as  types  of  this  Order,  we  find 
a  marked  distinction  from  Ranunculacea3  in  the  2-merous  calyx,  the  con- 
fluent carpels,  and  the  milky  juice;  but  the  flrst  two  of  these  characters 
do  not  hold  universally,  since  Argemone  has  sometimes  3  sepals,  and 
Platustemon  has  the  carpels  more  or  less  distinct,  or  united  only  slightly 
externally.  Bocconia,  with  small  flowers  and  no  petals,  approaches  to 
Dialictrum.  Monstrous  capsules  of  Fapa  ver  occur  m  gardens  with  the  car- 
pels partly  free,  somewhat  as  in  Nigella.    This  Order  is  also  related  to  the 
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Nymphaaaceai  by  the  general  structure  of  the  flower  of  Papaver ;  and  the 
dissepiments  extend  quite  to  the  axis  in  the  Californian  genus  Rommya. 
Another  genus  from  the  same  region,  Dendromecon,  has  peculiar  double- 
lined  parietal  placentas,  and  the  capsule  bursts  into  2  valves  with  the 
seeds  on  the  margins,  as  in  Cistacese.  The  quaternary  arrangement  of 
the  floral  envelopes  and  the  pod-shaped  ovary  of  JEschscholtzia,  Glau- 
cium,  Chelidonium,  Sec.  cause  a  close  resemblance  to  Cruciferse  and  Cap- 
paridacese,  from  which,  however,  there  is  a  marked  distinction  in  the 
albuminous  seeds  and  the  narcotic  milky  juice;  the  tetradynamous 
stamens  of  Cruciferse,  too,  almost  always  afford  a  striking  character;  but 
a  remarkable  exception  has  been  lately  observed  in  an  East-Indian  poly- 
Fig.  341. 


Fig.  342. 


Papaver  somniferum. 
The  Opium  Poppy. 


Capsule  of  Poppy  (Papaver) :  a,  transverse  section 
6,  seed. 


androus  Crucifer  (Megacarpcea  polyandra).  The  nearest  relatives  of 
the  Papaveracese  are  the  Fumariacese,  which  are  combined  with  them  as 
an  irregular  form  by  some  authors.  The  agreement  is  great  in  many 
respects ;  but  the  Fumariacese  have  irregular  flowers,  diadelphous  stamens, 
and  a,  watery  juice :  the  genus  Uypecoum,  however,  has  the  corolla  nearly 
n  l  ar',and  its  4  stamens  are  distinct;  and  MeooneUa,  in  the  present 
Order,  has  but  4-5  stamens ;  so  that  Hypecoum  is  midway  as  it  were 
between  the  Orders. 

The  structural  points  most  worthy  of  note  here  are  the  varied  confor- 
mation ot  the  ovary,  and  the  peculiar  construction  of  the  stigmas  by  two 
lamellae  rrom  adjoining  carpels.   There  is  a  curious  enlargement  of  the 
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receptacle  of  Esclischoltzia,  with  ch-cumscissile  separation  of  its  coherent 
caducous  sepals  in  the  form  of  a  conical  cap.  The  stamens  and  petals, 
moreover,  become  perigynous  in  this  genus.  The  sepals  in  most  cases 
fall  off  when  the  flowers  expand,  so  that  they  must  be  observed  in  un- 
opened flowers.  Milky  juice,  or  rather  juice  which  turns  milky  when 
exposed  to  the  air,  seems  universal  in  this  Order. 

r  Distribution. — The  group  is  not  a  large  one ;  but  the  species  occur  in  all 
parts  of  the  globe,  but  sparingly  out  of  Em-ope  (in  a  wild  state). 

Qualities  and  Uses. — The  milky  juice  of  Papaveracese  is  very  generally 
powerfully  narcotic,  sometimes  acrid.  Papaver  somniferum,  the  Opium 
Poppy  (fig.  341),  is  the  most  important  plant  of  the  Order,  the  opium 
consisting  of  the  dried  milky  juice  obtained  from  the  unripe  capsules 
(fig.  342).  Its  native  country  is  unknown ;  but  it  is  largely  cultivated 
in  Turkey  and  the  East  Indies.  Its  seeds  yield  a  fixed  oil,  which  is  quite 
harmless  and  is  used  both  by  itself  and  as  a  means  of  adulterating  olive- 
oil  ;  the  oil-cake  is  also  used  for  feeding  cattle.  The  seeds  of  Argemone 
mexicana  are  narcotic-acrid.  The  yellow  acrid  juice  of  Clielidonium  majus, 
as  also  that  of  Bocconia  fridescens,  is  poisonous,  and  is  sometimes  used  as 
an  escharotic.  Sanguinaria  canadensis,  the  Blood-root  or  Puccoon,  re- 
ceives the  former  name  from  the  red  j  uice  of  its  root,  which  is  employed 
in  North  America  for  its  emetic  and  purgative  properties.  Meconopsis 
nepalensis  is  said  to  be  very  poisonous,  especially  in  the  roots. 

Several  plants  of  this  Order  are  wild  in  this  country,  as  the  four  kinds 
of  Red  Poppy  of  our  fields,  the  commonest  of  which  is  Papaver  Rhoeas. 
P.  somniferum  is  a  corn-field  weed  in  many  places  on  chalky  soil ;  and  its 
numerous  double  varieties  are  to  be  found  in  most  gardens.  Glaiwium 
luteum,  the  yellow  Horned  Poppy,  grows  on  our  sea-shores ;  Clielidonium 
majus  grows  about  hedges  near  villages,  and  is  apparently  an  outcast 
from  gardens ;  the  other  native  plants  of  this  Order  are  less  common. 
Eschscholtzia,  a  Californian  genus,  is  now  found  in  every  garden;  and 
Platystemon,  Argemone,  and  other  genera  are  also  cultivated  here. 


Order  XIII.  FUM  ARIACEiE .    The  Fumitory  Order. 

Class.  Rhceades,  Endl.    All.  Berberales,  Lindl.    Cok.  Paiietales, 
Benth.  et  Hook. 

370.  Diagnosis. — Delicate  smooth  herbs  with  watery  juice,  dis- 
sected leaves,  irregular  flowers,  with  4  partially  united  petals,  6 
diadelphous  or  4  distinct  stamens;  ovary  1-celled,  1-seeded,  or 
several-seeded  with  two  parietal  placentas. 

Character. 

Calyx  :  sepals  2,  caducous. 

Corolla :  petals  4,  irregular,  in  2  circles. 

Stamens  hypogynous,  rarely  4  and  distinct,  opposite  to  the  petals,  or 
6,  diadelphous,  the  parcels  opposite  to  tho  outer  petals  each  with 
a  central  2-celled  anther  and  2  lateral  1-cclled  anthers. 
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Ovary  free,  1-ceUed ;  style  filiform ;  stigma  with  2  or  more  points 
ovules  horizontal,  amphitropous. 

Fruit:  an  indehiscent  1-  or  2-seeded  nut,  or  a  dry  2-valved  or  suc- 
culent indehiscent  many-seeded  pod;  seeds  shining,  mostly  arillate  ; 
embryo  minute,  abaxial,  straight  or  curved,  in  fleshy  albumen. 

s 

Illustrative  Genera. 
Dicentra,  Borkh.    |    Fumaria,  Tonrnef.    |    Hypecoum,  Toumef. 

Affinities. — The  close  relationship  to  Papaveraceaa  has  been  pointed  out. 
Bentham  and  Hooker  indeed  include  Fumitories  under  that  family,  Hy- 
pecoum, with  its  four  distinct  stamens,  diverges  from  the  ordinary  type 
immediately  towards  that  Order.  The  number,  form,  and  arrangement 
of  the  floral  envelopes  mark  an  affinity  to  the  Berberidaceas,  which  liker- 
wise  have  stamens  opposite  to  the  petals.  A  further  relationship  exists  in 
the  direction  of  Cruciferaa,  concerning  which,  however,  authors  are  at 
variance,  on  account  of  the  curious  condition  of  the  diadelphous  stamens 
here.  As  stated  above,  the  two  parcels  each  bear  a  central  2-celled 
anther  with  a  single  anther-lobe  on  each  side.  Lindley  and  Asa  Gray 
regard  these  parcels  as  formed  from  four  stamens,  the  two  lateral  of  which 
are  split,  sending  half  an  anther  to  the  posterior,  and  the  other  half  to  the 
anterior  parcel,  offering  an  illustration  of  chorisis  (§  149)  :  this  would  be 
in  agreement  with  the  four  stamens  of  Hypecoum ;  but  six  are  said  to  occur 
here  sometimes,  which  would  favour  Gay's  view,  that  the  plan  of  the 
stamens  is  like  that  of  Oruciferee,  and  their  normal  mumber  6.  Probably 
there  are  but  two  stamens  originally,  from  which  the  lateral  ones  are  sub- 
sequently produced.  Lindley  is  also  inclined  to  think  that  the  so-called 
sepals  are  really  bracts,  and  the  two  outer  petals  sepals,  which  would  render 
the  position  of  the  staminal  bundles  opposite  the  outer  petals  (sepals)  nor- 
mal ;  hut  the  relationship  to  Berberidaceee  is  against  this.  The  mode  in 
which  the  horned  stigmas  push  themselves  against  the  extrorse  anthers  in 
the  blossom  of  Fumaria,  while  the  petals  cohere  by  their  tips,  is  worthy  of 
examination,  as  also  are  the  modifications  of  the  staminal  bundles  in 
Fumaria,  Dicentra,  &c.  The  long  pod  of  Hypecoum  has  transverse  spurious 
septa  between  the  seeds. 

Distribution. — The  species  are  not  very  numerous,  and  ore  mostly  found 
in  the  temperate  parts  of  the  Northern  Hemisphere. 

Qualities  and  Uses. — Mild  bitter,  sometimes  rather  acrid,  and  with 
slight  diaphoretic  and  aperient  properties,  but  of  little  importance  in  this 
respect.  The  genus  Fumaria  has  a  number  of  rather  doubtful  species  in 
this  country,  Corydalis  claviculata  is  not  very  rare  in  woody  places ;  and 
several  tuberous-rooted  species  of  Corydalis  are  found  as  hardy  herbaceous 
plants  in  our  gardens.  Dicentra  (Dielytra)  spectabilis,  a  handsome  Chi- 
nese species,  is  now  greatly  cultivated  as  an  early-flowering  greenhouse 
plant,  which  is  hardy  in  some  situations. 
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Order  XIV.  CRUCIFEK^T  Cross-flowers. 


Class.  Rhceades,  Endl, 


Coh.  Parietales,  Benth. 


All.  Cistales,  Lindl. 
ct  Modk. 

371.  Diagnosis. — Herbs  with/  a  pungent  watery  juice,  cruciform 
4-merous  flowers,  and  tetradyhamous  stamens ;  fruit  a  silique^or 


silicle ;  seed  exalbuminous. 


Cliaracter. 


Fig.  343. 


Calyx :  sepals  4,  deciduous,  imbricated  or.  yaj.vate  in  the  bud. 
Corolla  :  petals  4,  distinct,  otaibcd~arr^n|-ett  in  the  form  of  a  cross, 
O  dU.^     alternating  with  the  sepals  (fig.  343). 
t.&£^S-    Stamens  tetradynamous  (fig.  344),  a 
single  short  one  opposite  each  lateral 
sepal,  and  a  pair  of  long  ones  oppo- 
site the  anterior  and  the  posterior 
sepals^,  with:  sm^flffiracjsjnterye- 
ning  between  "tne^stamens  on.ihe 
receptacle. 
Ovary  solitary^2-celled  by  a  spurious 
dissepiment    (replum)  extending 
across  from  the  middle  line  of  the 
two  parietal  placentas ;  stigmas  2, 
sessile,  opposite  the  placentas. 

rr..V     „  .  *7  •     _  /r>„    QAa\  „     '7."  7.  Rdjihanics :  a,  cruciform  flower ;  b,  stalked 

Fruit  :   a  Silique  (fig.  346)  Or  a  SlMe      ypetai.  c/tetradynamous  stamens. 

•  (fig.  347),  usually  2-ceUed  by  the 
replum,  from  which  the  valves  separate  in  dehiscence,  leaving  the 
placentas  as  a  frame  ;  or  1-celled  from  the  imperfection  of  the 
replum  (fig.  347),  and  indehiscent  or  breaking  across  at  constricted 
places ;  seeds  generally  ^pendulous  in  a  single  row  on  each  pla- 
'yj^S  cental  margin,  the  two  rows  either  intercalated  in  one  line  or  in 
two  collateral  lines  on  the  replum;  embryo  with  the  radicle  variously 
*  folded  on  the  cotyledons,  without  albumen. 

De  Candolle  has  divided  this  large  and  very  natural  Order  into 
Suborders,  founded  on  the  mode  of  folding  of  the  embryo,  thus : — 
1.  Pleurorhiza?  (0  =  ),  with  the  radicle  turned  round  the  sides  or 
edges  of  the  flat,  accumbent  cotyledons  ;  2.  Notorhizce  (0||),  with  the 
radicle  folded  against  the  back  of  one  of  the  flat,  incumbent  coty- 
ledons ;  3.  Orthoploceat  (0»),  the  radicle  similarly  folded,  but  the 
incumbent  cotyledons  longitudinally  folded  (induplicatc)  so  as  partly 
to  surround  it;  4.  Spirolobea;  (0||||),  the  cotyledons  linear,  incum- 
bent, and  folded  or  rolled  over  on  themselves  and  against  the  radicle ; 
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5.  Diplecolobece  (0||||||),  the  cotyledons  linear,  incumbent,  and  twice 
or  tluice  transversely  folded. 


Fig.  346. 


Fig.  344.  Stamens  and  pistil  of  Cheiranlh.ua. 

Fig.  345.  Ground-plan  of  the  flower  of  Cheiranthus :  x,  the  front. 

Fig.  346.  Burst  silique  of  Sinapis. 

Some  miters  establish  Suborders  on  the  characters  of  the  frait> 

Fig.  348. 


Fig.  347.  Silicle  of  Isatis:  a,  entire;  6,  cross  section. 
Fig.  348.  Burst  silicle  of  Thlaspi. 

Fig.  349.  Seed  of  Erysimum  cut  vertically:  a,  funiculus. 

using  those  of  the  embryo  for  subdivision,  thus  : — 1.  Siliquosce, 
with  a  silique  opening  by  valves  ;  2.  Siliculosce  latiseptce,  'with  a 
silicle  opening  by  valves,  the  replum  in  the  broader  diameter; 
3.  Siliculosce  angustiseptce,  a  valved  silicle  with  the  replum  in  the 
narrower  diameter ;  4.  Nucumentacece,  with  an  indehiscent  silicle, 
often  1-celled  without  a  replum;  5.  S&ptulatce,  with  the  valves 
bearing  transverse  septa  in  the  inside ;  6.  Lomentacece,  with  a  pod 
breaking  across  into  l-secded  pieces,  sometimes  with  a  1-2-seeded 
beak  above  the  abortive  true  pod.    Bentham  and  Hooker's  arrange- 
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ment  closely  corresponds  with  this ;  but  the  Suborders  are  all  more  or 
less  artificial. 

Illustrative  Genera. 

Lepidium,  R.  Br. 


■  -Cheiranthus,  R.  Br. 


Mattkiola,  R.  Br 
Nasturtium,  R.  Br. 
Arabis,  L. 
Aubrietia,  Adam. 
Alyssum,  L. 
Erophila,  DC. 
Cochlearia,  L. 


Brassica,  L. 
/Sinapis,  Toumef.  ^  9** 
*Crambe,  Tournef.  I 
,-)!apli:inus,  Tournnf.h"  t' 
rScnebifia,  Pair. 
Subularia,  Achats. 
Schizopetalon,  Hook. 


Thlaspi,  Dill. 
Iberis,  L. 
Cakile,  Tournef. 
Malcolmia,  R.  Br. 
Hesperis,  L. 
Sisymbrium,  L. 
Erysimum,  L. 
Capsella,  Vent. 

Affinities. — Tbe  relationships  of  tkis  Order  to  Papaveracese  and  Fu- 
mariacese,  and  tkence  witk  the  Apocarpous  Orders  standing  near,  kave 
been  dwelt  on  already.  Witk  tke  Capparidaceae  tke  agreement  is  still 
closer,  in  tke  general  ckaracter  of  tke  flower  and  in  tke  seeds ;  but  wken 
tkat  Order  kas  so  few  as  six  stamens  tkey  are  not  tetradynamous — an 
almost  universal  condition  in  CruciferBe.  Tke  true  nature  of  tke  plan  of 
tke  anomalous  flower  of  tkis  Order  is  a  subject  of  considerable  contro- 
versy. Tbe  two  lateral  sepals  are  attacked  kigker  up  tkan  tke  otker  two, 
tke  foui'  petals  are  in  a  single  row.  Lindley  and  many  otkers  regard  tke 
six  stamens  as  belonging  to  two  circles  of  four,  tke  outer  of  wkick  kas 
always  two  stamens  abortive,  wkile  tke  inner  pah's  skould  normally  stand 
singly  before  tke  four  petals :  if  tke  glands  in  tke  receptacle  are  to  be  re- 
garded as  abortive  stamens,  wkick  is  plausible,  tkis  structure  really  does 
exist  in  Erysimum  Peroffskianum,  wkere  tke  two  glands  stand  opposite 
two  sepals  and  form  a  circle  witk  tke  two  skort  stamens  ;  but  tkere  appear 
to  be  as  many  as  six  glands  in  some  Crucifers,  wkick  involves  tke  existence 
of  tkree  staminal  circles :  as  a  polyandrous  form  (Megacarpcea  polyandra) 
kas  been  met  witk,  we  may  even  admit  tkis.  Moquin-Tandon  and  Webb 
regarded  tke  stamens  as  normally  four,  tke  pairs  being  formed  by  chorisis 
(§  149).  As  to  tke  ovary,  it  seems  most  simply  explained  as  composed  of 
two  carpels  witk  a  spurious  dissepiment,  tke  stigmas  opposite  tke  placentas, 
like  tkose  of  Papaver,  being  double  and  composed  of  a  half  from  eack  carpel, 
just  as  the  placentas  are.  The  fact  that  four  carpels  are  sometimes  found 
m  monstrosities,  and  are  constant  in  the  genus  Tetracellion,  merely  indi- 
cates a  return  to  a  symmetrical  condition,  ordinarily  interfered  with  by 
^suppression  of  two  carpels.  The  most  recent  views  as  to  the  structure  of 
the  flower  are  those  of  Eichler,  who  aifirms  the  existence  of  chorisis  in  the 
j  long  stamens.  His  notion  is  that  the  flowers  of  Crucifers  consist  of  two 
antero-posterior  sepals,  two  lateral  ones,  four  petals  crossing  the  lateral 
sepals  diagonally,  two  lateral  short  stamens,  two  antero-posterior  lou<r 
I  stamens  split  into  two,  and  two  lateral  carpels.  These  views  are  adopted 
I  after  an  examination  of  the  development  of  the  flower,  in  which  there  are 
first  to  be  seen  two  tubercles  for  the  fore  and  aft  sepals,  then  two  for  the 
lateral  sepals ;  the  four  petals  originate  simultaneously;  the  two  short  sta- 
mens arise  opposite  the  lateral  sepals,  the  two  other  staminal  tubercles  are 
subsequently  developed  at  a  higher  level  than  the  preceding  and  decussate 
with  them ;  these  two  after  a  time  become  notched,  the  notch  gradually 
deepens  and  ultimatelv  forms  two  distinct  stamens.  As  a  rule  Crucifers 
kave  in  tke  adult  condition  bractless  flowers :  a  few  species  kave  bracts 
normally ;  and  tkey  sometimes  occur  as  abnormakties. 
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Distribution.— This  large  Order  is  very  natural,  and,  as  usually  happens 
in  such  cases,  the  genera  are  very  difficult  to  define.  The  species  are 
most  abundant  in  temperate  and  cold  climates,  and  seldom  found  other- 
wise than  on  moimtains  in  the  tropics.  . 

Qualities  and  Uses.— The  general  character  is  antiscorbutic,  the  watery 
iuice  beino-  often  pungent  and  occasionally  acrid.  The  seeds  yield  oil, which  _ 
is  contained  in  their  cotyledons.  By  cultivation  the  acrid  juices  become 
milder,  and  the  structures  are  easily  made  very  succulent,  from  abnormal 
development  of  parenchyma.  Under  these  conditions  they  become  valu- 
able esculents,  either  in  their  roots,  as  the  Turnip  (Brassica  Rapa),  their 
stem  and  leaf-stalks,  as  Sea-kale  (Crambe  maritima),  their  stem,  leaves, 
or  undeveloped  inflorescence7~as  Kohl-rabi,  Cabbages,  Greens,  Kales, 
&c.  in  all  their  varieties,  and  Cauliflower,  and  Broccoli,  all  apparently 
derived  from  Brassica  oleracea  by  cultivation.  Brassica  Napus,  Rape  or 
Colza,  is  most  valuable  on  account  of  the  oil  in  its  seeds,  and  its  oil-cake 
as lood  for  cattle.  The  Swede  Turnip  is  supposed  to  be  a  hybrid  between 
B.  campestris  and  B.  Rapa  or  Napus.  Radishes  {Raphanus  sativus),  Horse- 
radish (Armoracia  rusticana),  are  cultivated  on  account  of  their  pun- 
gency, as  are  also  the  herb  and,  still  more,  the  seeds  of  the  Mustards,  Sinapis 
alba  and  nigra,  the  latter  of  which  yields  the  proper  table-mustard  seed. 
Water-cress  {Nasturtium  officinale)  and  Garden-cress  {Lepidium  sativum) 
are  pungent  salad-plants.  Isatis  tinctoria  and  a  Chinese  species,  I.  indi- 
gotica,  yield  a  blue  dye  from  their  silicles. 

Many  of  the  Cruciferge  are  remarkable  for  containing  sulphur  compounds, 
both  in  the  seeds  and  in  the  herbage,  whence  the  disagreeable  smell  of 
water  in  which  they  have  been  boiled,  or  even  of  the  bruised  fresh  plant 
of  some,  as  Erysimum  Alliaria.  Oil  of  Mustard,  obtained  by  macerating 
the  seeds  of  Black  Mustard  in  water  and  distilling,  is  violently  acrid. 
Most  of  the  genera  cited  in  the  list  above  are  represented  by  common 
wild  plants  in  this  country,  the  rest  are  found  in  most  gardens ;  Matthiola 
is  the  Stock,  Cheiranthus  Cheiri  the  Wallflower,  &c. 


Order  XV.  CAPPAEIDACEiE.    The  Caper  Order. 

Class.  Rhceades,  Midi.    All.  Cistales,  Lindl.    Coh.  Parietales, 
Benth.  et  Hook. 

372.  Diagnosis. — Herbs,  shrubs,  or  rarely  trees,  with  alternate  simple  or 
lobed  exstipulate  leaves ;  cruciform  flowers  ;  stamens  numerous,  or,  if  6, 
not  tetradynamous,  on  a  disk,  or  with  an  internode  separating  them  from 
the  corolla,  and  a  1-celled  pod  or  berry  with  2  or  more  parietal  placentas ; 
seeds  reniform,  exalbuminous. 


Tribe  1.  Cleomeje.   Fruit  capsular. 
Cleome,  DC. 
Polanisia,  Raf. 


Illustrative  Genera. 


Tribe  2.  C apparel.  Frvdt  baccate. 
Cadaba,  Forsk. 
Capparis,  L. 


Afflinties. —This  Order  is  closely  related  to  the  Crucifera,  both  in 
structure  and  properties,  being  distinguished  chiefly  by  the  mostly  inde- 
finite stamens,  which  when  only  six  in  number  are  ver/  rarely  tetradyna- 
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inous,  and  by  the  stipitate  ovary.  The  parietal  placentas  and  the  disk 
ally  them  to  the  Resedacece,  which  likewise  have  kidney-shaped  ex- 
albuminous  seeds ;  there  is  a  more  distant  affinity  to  the  BixaceiE,  which 
have  albuminous  seeds.  The  development  of  the  internodes  between  the 
circles  of  floral  organs  is  a  striking  character  in  various  Capparidaceae  : 
in  Cleome  and  Capparis  the  receptacle  has  rather  a  discoid  development 
below  the  stamens,  the  ovary  being  stalked ;  in  Gynandropsis  and  Cadaba 
there  is  a  stalk-like  prolongation  of  the  receptacle  between  the  corolla 
and  stamens  and  between  the  stamens  and  the  ovary.  This  structure 
connects  the  plants  in  some  degree  with  Passifloracese.  In  other  genera 
the  receptacle  is  developed  into  a  more  or  less  fleshy  or  glandular  disk. 
In  Physostemon  the  stamens  are  curious,  the  two  or  four  posterior  ones 
having  the  filaments  inflated  or  swollen  below  the  anthers. 

Distribution. — The  species  are  somewhat  numerous  in  the  tropical  and 
subtropical  regions  of  the  world,  especially  in  Africa. 

Qualities  and  Uses. — There  is  great  agreement  with  the  Cruciferae ;  but 
in  some  cases  the  pungent  principles  are  dangerous.  The  Capers  used  as 
pickles  are  the  flower-buds  of  various  species  of  Capparis  (C.  spinosa,  Fon- 
tanesii,  rupestris,  and  agyptiaca).  The  root  of  Cratceva  gynandra,  the  Garlic 
Pear,  is  said  to  be  very  acrid  and  to  blister  like  Cantharides.  C.  excelsa 
is  a  large  tree  in  Madagascar.  The  Polanisia  icosandra  of  the  United 
States  is  used  as  a  vermifuge ;  and  the  root  of  Cadaba  indica  is  said  to  be 
aperient  and  anthelmintic.  Many  species  have  been  introduced  into  our 
gardens :  a  few  bear  the  open  air  in  sheltered  places. 


Order  XVI.  RESEDACEiE.    The  Mignonette  Order. 

Class.  Rhceades,  Endl.    All.  Cistales,  Lindl.    Coh.  Parietales, 
Benth.  et  Hook. 

373.  Diagnosis. — Herbs  with  unsymmetrical  4-7-merous  small  flowers, 
commonly  with  a  fleshy  one-sided  hypogynous  disk  between  the  petals 
and  the  (3-40)  stamens,  which  it  supports.  Calyx  open  in  the  bud.  Pod 
3-  or  6-lobed,  3-  or  6-homed,  1-celled  with  3  or  6  parietal  placentas, 
opening  at  the  top  before  the  exalbuminous  reniform  seeds  are  ripe. 

JiLUSTBATrVE  CtENEBA. 

Reseda,  L.  |  Oligomeris,  Combats. 

These  plants  agree  in  many  respects  with  the  Capparidacea3,  as  in  the 
presence  of  a  disk  supporting  the  stamens,  and  the  reniform  seeds.  By 
Muller  they  are  placed  between  Cappands  and  Crucifers,  which  seems  the 
most  appropriate  place  for  them.  There  is  a  more  distant  relation  to  the 
Papaveraceie,  from  which,  however,  they  are  always  distinguished  by 
their  exalbuminous  seeds.  Moringacere  have  many  points  in  common, 
but  differ  in  habit,  foliage,  straight  embryo,  and  monadelphous  stamens. 
The  opening  of  the  ovary  before  the  seeds  are  ripe  is  worthy  of  note  as 
an  uncommon  phenomenon;  it  is  well  seen  in  the  Garden  Mignonnette 
(Reseda  odorata).  Oligomeris  is  remarkable  for  the  reduction  ot  the  paite 
of  the  flower,  having  but  2  petals  and  3  stamens,  and  the  disk  is  likewise 
absent. 
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Distribution. — A  small  order.  Most  of  the  kinds  are  European ;  hut  a 
few  occur  in  India,  South  Africa,  and  in  California.  _ 

Qualities  and  Uses.-The  best-known  plant  of  the  Order  is  Reseda 
odorata,  so  much  valued  for  its  perfume  and  hardy  character.  Reseda 
luteola,  a  native  weed,  commonly  called  Weld,  yields  a  yellow  dye.  borne 
of  the  species  are  acrid. 

Order  XVII.  BIXACE/E  or  FLACOURTTACE,E. 
The  Annatto  Order. 

Class.  Parietales,  Endl.    All.  Violates,  Lindl.    Colt.  Parietales, 
Benth.  et  Hook. 

374.  Diagnosis. — Shrubs  or  small  trees  with  alternate  exstipulate  leaves, 
usually  entire  and  leathery,  often  dotted ;  regular  hermaphrodite  or  uni- 
sexual flowers ;  sepals  4-7,  slightly  coherent  below ;  petals  as  many  and 
distinct,  or  absent ;  stamens  hypogynous,  generally  indefinite ;  ovary  ses- 
sile, or  slightly  stalked,  1-  or  rarely  more-celled,  with  2  or  more  parietal 
placentas ;  ovules  curved ;  seeds  numerous,  with  a  straight  embryo  in  the 
axis  of  fleshy  albumen ;  cotyledons  broad ;  radicle  next  the  hilum. 

Illustrative  Genera. 


Bixa,  L. 
Oncoba,  ForsJc. 


Flacourtia,  Commers. 
Erythrospermum,  Lam. 


Related  to  the  Samydaceas,  but  distinguished  by  their  hypogynous 
stamens,  and  to  the  Passifloraceae,  but  destitute  of  a  coronet.  From 
Capparids  they  differ  in  their  albuminous  seeds ;  from  Cistaceae  in  their 
straight  ovules.  Bentham  and  Hooker  refer  the  small  group  Pangiaceae 
(Ben  post)  here. 

The  species  are  not  very  numerous,  and  are  mostly  natives  of  the  hottest 
regions  of  the  globe  ;  some  of  the  plants  are  bitter  and  astringent ;  the 
pulpy  fruits  of  Oncoba,  of  Flacourtia  Hamontchi,  sapida,  and  sepiaria  are 
edible.  Bixa  Orellana  yields  the  substance  called  Annatto,  used  for 
colouring  cheeses  and  as  a  dye ;  it  is  derived  from  a  pulp  surrounding  the 
seeds. 

Order  XVIII.  CISTACEAE.    Rock  Roses. 

Class.  Parietales,  Endl.    All.  Cistales,  Lindl.    Coh.  Parietales, 
Benth.  et  Hook. 

375.  Diagnosis. —Low  shrubs  or  herbs  with  regular  hermaphrodite 
flowers,  persistent  calyx,  distinct  hypogynous,  mostly  indefinite  stamens ; 
pod  l-ceiled,  3-5-valved,  with  as  many  parietal  placentas ;  ovules  straight ; 
the  hilum'min°US '  emhiyo  curved  or  B$irel,  with  the  radicle  remote  from 

Illustrative  Genera. 
Cistus,  Tournef.  |  Ilulianthemum,  Tonrnef. 
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Affinities,  &c— Nearly  related  to  Violaceoa,  Bixacese,  and  Droseraceae, 
but  distinguished  by  tho  form  and  direction  of  the  embryo,  from  the 
Hypericaceae  by  the  structure  of  the  fruit  and  the  absence  of  dots  on  the 
leaves,  and  from  Linaceao  by  the  fruit ;  they  also  approach  Papaveraceoa 
by  Dendromecon  :  and  Lindley  considers  that  there  is  some  connexion 
with  Capparidaceae  and  Cruciferae  ;  but  the  4-merous  plan  and  exalbumi- 
nous  seeds  of  those  Orders  remove  them  widely.  Some  of  the  Helianthema 
have  dimorphic  flowers. 

The  Cistaceae  are  most  abundant  in  South  Europe  and  North  Africa, 
but  occur  in  other  parts  of  the  globe.  The  gum-resin  called  Ladanum 
is  obtained  from  Cistus  creticus,  ladaniferus,  Ledon,  and  others ;  and  the 
plants  generally  are  regarded  as  resinous  and  balsamic.  Many  species  are 
cultivated  for  their  beautiful  but  fugacious  flowers. 

Helianthemam  vulgare,  a  native  plant,  is  remarkable  for  the  irritability 
of  the  stamens  in  the  newly  opened  flowers. 


Order  XIX.  DROSERACEA.  Sun-dews. 

Class.  Parietales,  Endl.    All.  Berberales,  Lindl.    Coh.  Rosales, 
Smth.  et  Hook. 

376.  Diagnosis. — Bog-herbs,  mostly  glandular-haired,  with  regular  hy- 
pogynous  flowers,  5-merous  and  persistent  (withering)  calyx,  corolla,  and 
stamens;  the  anthers  fixed  by  the  middle,  extrorse ;  ovary  free ;  ovules 
numerous,  inverted ;  pod  1-celled,  with  twice  as  man}'  separate  styles  and 
stigmas  as  there  are  parietal  placentas ;  the  embryo  minute,  at  the  base 
of  fleshy  albumen. 

Illustrative  Genera. 
Drosera,  L.  Aldrovanda,  Monti.  Dionaea,  Ellis. 

The  interesting  but  not  very  numerous  plants  of  this  Order  are  remark- 
able for  the  circinate  curvature  of  their  flower-stalks,  which,  together 
with  the  absence  of  stipules,  the  extrorse  anthers,  divided  styles,  &c, 
separates  them  from  the  Violaceae,  which  they  approach  ;  they  are  con- 
nected with  Hypericaceae  by  Parnassia,  and  have  some  affinity  to  Cistaceae 
and  Turneraceae.  Bentham  and  Hooker  place  them  near  the  Saxifrages, 
These  plants  are  found  in  bogs  or  marshes  in  most  parts  of  the  globe, 
excepting  the  Arctic  regions.  Their  double  stigmas  are  curious ;  but 
their  most  interesting  characters  reside  in  the  leaves,  which  in  Drosera 
(Sun-dews)  are  covered  with  beautiful  glandular  hairs :  three  species 
occur  in  this  country.  Aldrovanda  vesiculosa,  a  native  of  South  Europe, 
has  curious  whorled  cellular  spoon-shaped  leaves  ;  while  Dioncea  musci- 
pida  the  Venus's  Fly-trap  of  the  North-American  bogs  (occasionally 
cultivated  in  stoves  here),  is  well  known  for  the  remarkable  irritability  of 
the  lamina  of  the  leaf,  the  two  lobes  of  which  close  upon  any  object 
touching  tho  upper  face.    The  Droseracere  are  said  to  be  acrid. 
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Order  XX.  VIOLACE^l.    The  Violet  Order. 

Class.  Parietales,  Endl.    All.  Violales,  Lindl.    Coh.  Parietales,  Benih. 

et  Hook. 

377.  Diagnosis.— Herbs  or  shrubs;  leaves  alternate,  usually  sti- 
pulate ;  flowers  regular  or  irregular,  hermaphrodite,  with  a  some- 
what irregular  1-spurred  corolla  of  5  petals ;  stamens  5,  hypogynous, 
with  aduate  introrse  anthers  connivent  over  the  pistil,  connective  of 
the  anther  usually  prolonged;  style  and  stigma  single;  pod  1- 
celled;  3-valved,  with  3  parietal  placentas  in  the  middle  of  the 
valves ;  seeds  albuminous ;  embryo  straight. 

Character. 

Calyx :  sepals  5,  persistent,  usually  elongated  at  the  back,  imbricated 
in  aestivation. 

Corolla :  petals  5,  hypogynous,  equal  or  unequal,  one  usually  spurred, 
withering-persistent ;  obliquely  convolute  in  aestivation. 

Stamens  5,  alternate  with  the  petals,  or  occasionally  opposite,  in- 
serted on  an  hypogynous  disk,  often  unequal ;  anthers  2-celled, 
introrse,  separate  or  cohering,  and  lying  upon  the  pistil ;  the  fila- 
ment or  connective  prolonged  beyond  the  lobes  of  the  anthers,  in 
the  irregular  flowers  two  of  the  filaments  are  spurred  at  the  base. 

Ovary  compound,  1-celled,  with  numerous  ovules  on  3  parietal  pla- 
centas opposite  the  3  outer  sepals,  or  rarely  1-ovuled ;  ovules  ana- 
tropous ;  style  single,  mostly  declinate ;  stigma  capitate,  oblique, 
hooded. 

Fruit :  a  capsule  bursting  into  3  valves,  with  the  placentas  up  the 
middle ;  seeds  mostly  numerous ;  embryo  straight  in  the  axis  of 
fleshy  albumen. 

Illustrative  Genera. 
Viola,  L.       |     Papayrola,  Aubl.     |     Alsodeia,  Thouars. 

_  Affinities. — By  the  irregular  flowers  and  appendaged  anthers  we  readily 
distinguish  most  of  the  Violacese  from  the  Droseraceaa,  Cistacese,  and 
Sauvagesiacea? ;  and  in  Alsodeia,  where  the  corolla  is  regidar,  the  simple 
style  and  capitate  stigma  are  still  available ;  and  several  other  important 
differences  exist,  such  as :— the  definite  number  of  stamens  and  straight 
embryo,  unlike  that  of  the  Cistacea? ;  different  vernation  and  stipulate 
condition  of  the  leaves,  unlike  Droseracese ;  while  Sauvagesiaceoe,  besides 
having  the  anthers  unappendaged,  have  either  numerous  stamens,  or,  if 
five,  they  are  opposite  to  the  petals  and  alternate  with  five  scales ;  more- 
over the  capsule  bursts  septicidally,  so  that  the  placentas  are  at  the  edges 
of  the  valves.  Violaceoa  are  related  more  distantly  to  Passifloraceaa.  In 
the  native  species  of  the  genus  Viola,  it  is  not  uncommon  to  find  apetalous 
flowers,  especially  in  the  autumn. 
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Distribution. — An  Order  consisting  of  a  few  genera,  some,  such  as  Viola 
and  Alsodeia,  rich  in  species,  the  greater  number  with  but  few.  The  irre- 
gular Violacese  belong  chiefly  to  Europe,  North  Asia,  and  North  America, 
where  they  are  generally  small  herbs,  and  to  South  America,  where  they 
are  mostly  shrubby ;  the  regular  genera,  Alsodeia  &c,  belong  to  South 
America,  Africa,  and  Malacca. 

Qualities  and  Uses. — The  Order  is  characterized  in  general  by  emetic 
properties,  which  are  especially  developed  in  the  South- American  Ionidia ; 
I.  parvifloi-um,  I.  Poaya,  I.  Itubu,  are  used  there  instead  of  Ipecacuanha, 
and  the  last  was  formerly  supposed  to  be  the  true  Ipecacuanha-plant. 
Viola  canina,  the  common  Dog-violet  of  our  hedges,  is  said  to  be  bene- 
ficial in  skin-diseases ;  and  the  same  properties  are  attributed  to  Anchietia 
salutaris  in  Brazil,  where  it  is  also  used  as  a  purgative.  The  roots  of 
the  Sweet  Violet,  V.  odorata,  are  emetic  and  purgative ;  its  seeds  are  also 
purgative.  V.  tricolor  is  the  Pansy  or  Heart's-ease ;  its  leaves  have  been 
supposed  to  contain  hydrocyanic  acid,  since  they  smell  like  peach-blossom 
when  bruised. 

The  SAUVAGESiACEiE  form  a  small  group  sometimes  separated  from 
Violacese  on  accoimt  of  the  characters  mentioned  above.  They  are  related 
to  the  Hypericacese  through  Parnassia. 


Order  XXI.  FR  ANKENI  ACEiE . 

Class.  Parietales,  Midi.    All.  Violales,  Lindl.    Coh.  Oaryophyllinese, 

Benth.  et  Hook. 

378.  This  small  and  unimportant  Order  bears  very  close  affinity  to  the 
tribe  Silenese  of  the  Order  Caryophyllacese  in  the  floral  envelopes  and 
stamens ;  but  its  placentas  are  parietal,  and  the  embryo  is  straight,  which 
causes  it  to  approach  Violaceaj,  and  especially  Sauvagesiaceae,  from  which, 
however,  it  differs  in  their  united  sepals  and  extrorse  anthers.  Most  of  the 
plants  are  found  in  South  Europe  and  North  Africa ;  but  a  few  species  are 
scattered  in  other  parts  of  the  world.  They  are  said  to  be  mucilaginous 
and  aromatic. 

Lllusthative  Genus. 
Frankenia,  L. 


Order  XXII.  T AM ARIC ACEiE .    The  Tamarisk  Order. 

Class.  Guttiferro,  Midi.   All.  Violales,  Lindl.    Coh.  Caryophyllinre, 

Benth.  et  Hook. 

379.  Diagnosis.— Shrubs  or  herbs  of  fastigiate  growth,  with  alternate 
scale-like  leaves,  usually  pitted ;  flowers  in  close  spikes  or  racemes ;  calyx 
4-5-parted,  persistent;  petals  distinct,  adherent  to  the  calyx,  wtheiinjr, 
both  imbricated  in  activation;  stamens  hypogyuous,  equalling  the  petals 
or  twice  as  many,  distinct  or  coherent;  ovary  superior,  ovules  numerous 
ascending;  capsule  3-valved,  1-celled,  with  3  placentas  either  at  the  base 
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or  1  in  the  middle  of  each  valve ;  seeds  comose,  without  albumen ;  embryo 
straight ;  radicle  inferior. 

Illustrative  Genera. 
Tamarix,  L.     |     Myricaria,  Desv. 

Affinities. — Endlicher  looked  upon  this  Order  as  intermediate  between 
Hypericacese  (through  Reaumunacese)  and  Lythraceae,  while  Lindley 
thinks  they  stand  rather  between  Violacese  and  Crassulaceae,  and  De 
Candolle  placed  it  near  Portulacacere,  as  also  do  Bentham  and  Hooker. 
From  all  the  above,  however,  they  differ  in  the  nature  of  their  seeds. 

Distribution. — A  group  consisting  of  two  genera,  one  with  several,  the 
other  with  very  few  species.  The  plants  are  natives  of  the  northern 
hemisphere  of  the  Old  World,  growing  chiefly  by  the  sea-shore,  or  on  the 
margins  of  rivers  or  lakes. 

Qualities  and  Uses. — The  bark  is  bitter  and  astringent ;  and  those  kinds 
growing  near  the  sea  yield  abundance  of  soda  when  burnt.  Tamarix 
mannifira  yields  the  Manna  of  Mount  Sinai,  a  kind  of  mucilaginous 
sugar,"  said  to  be  exuded  in  consequence  of  the  attacks  of  a  Coccus-insect. 
Several  species  are  attacked  by  gall-insects,  and  the  galls  of  T.  indica, 
dioica,  Fur  as,  and  orientalis  are  used  in  medicine  and  for  dyeing.  Tamarix 
gallica  flourishes  well  near  the  sea  on  our  coasts,  and  is  an  ornamental 
shrub.    Myricaria  yermanica  is  a  handsome  shrub  in  our  gardens. 


Order  XXIII.  CARYOPHYLLACEiE.   The  Pink  Order. 


Glass.  Caryophyllacese,  JEndl.  All.  Silenales,  Lindl.    Coh.  Caryophyllina?, 

Benth.  et  Hook.         .  c 

Set.  >  ■  -   c        «v£g       o  - 

380.  Diagnosis. — Herbs  with  opnosite  entire  leaves  ;  stems  swollen 

at  the  joints ;  flowers  symmetrical,  4-5-merous,  with  or  without  

petals ;  stamens  distinct,  not  more  than  twic^^s-many^rthe'sepals,  ftccu^tfc 
hypogjmous  or  perigrvnous.:  styles  2^5'fseeds  attached  to  the  base 
or  to  the  central  placenta  of  the  1 -celled  ("rarely  3-5 -celled)  capsule  ; 
embryo  curved  round  the  mealy  albumen.  \\  , 


CJiaracter. 

Calyx :  sepals  4  or  5,  persistent,  distinct  or  coherent  into  a  tube. 

Corolla :  petals  4  or  5,  clawed,  often  deeply  bifid,  sometimes  wanting, 
mostly  separated  by  a  short  internode  from  the  calyx. 

Stamens  twice  as  many  as  the  petals,  or  equal  to  and  opposite  to  the 
sepals,  sometimes  fewer,  inserted  with  the  petals ;  filaments  awl- 
shaped,  sometimes  coherent;  anthers  innate. 

Ovary  sessile,  or  raised  with  the  corolla  and  stamens  on  a  short  3^^' 
stalk  above  the  calyx,  1 -celled,  with  a  central  placenta  or  with 
2-5  dissepiments  extending  to  the  centre ;  ovules  few  or  nume- 
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Pier.  861. 


to 


rous ;  stigmas  2-5,  filiform,  resembling  trie  styles,  but  papillose 
down  the  inner  side. .  pjg_  359, 

Fruit  capsular,  1-ccllod,  with  a  central 
placenta,  2-5-valved,  or  splitting 
into  4-10  teeth  above  (fig.  350),  or 
2-5-celled,  loculicidally  dehiscent, 
with  the  placentas  adhering  to  the 
septa;  seeds  mostly  indefinite;  the 
embryo  mostly  curved  round  the  albu- 
men (fig.  351),  rarely  straight  or 
spiral,  with  little  albumen;  radicle 
next  the  hilum. 


Fig.  350.  Capsule  of  CerasHum,  burst. 
Fig.  351.  Section  of  seed  of  Lychnis: 
a,  endosperm ;  /..  embryo. 


Tribe  1.  Alsixeje.  Sepals  distinct. 
Sagma,  L. 
Alsine,  Wahlenb. 
Arenaria,  L. 
Stellaria,  L. 
Cerastium,  L. 


Illustrative  Genera. 

Tribe  2.  Silene^e.  Sepals  cohering  | 
into  a  tube. 

Diahthus,  L. 
Saponaria,  L. 
s  Silene,  L. 
Lychnis,  L. 


Affinities. — The  opposite  entire  leaves  springing  from  thickened  nodes, 
definite  stamens,  and  the  character  of  the  placenta  and  seeds  serve  to 
distinguish  the  great  majority  of  this  well-marked  Order.  The  nearest 
relations  of  the  Caryophyllacese,  as  here  defined,  are  unquestionably  the 
Illecebraceae  and  Portulacaceae,  which  we  separate  more  for  the  sake  of 
convenience  of  distinction  than  on  account  of  natural  diversity,  since  in  both 
those  Orders  there  is  a  variation  between  the  hypogynous  and  perigynous 
conditions.  The  Illecebracea?  may  be  distinguished  by  their  scarious  sti- 
pules and  utricular  fruit,  and  the  Portulacacese  by  the  2-leaved  calyx  and 
by  the  stamens  when  equal  to  the  sepals  being  alternate,  or  opposite  to  the 
petals,  since  it  seems  more  convenient  to  keep  the  Molliir/inece  with  Por- 
tulacacese  if  they  are  divided.  The  apetalous  forms,  and  the  alliance  with 
the  Orders  just  named,  connect  this  Order  with  the  Aniarantaceas  and 
Chenopodiacese  and  several  other  families  all  characterized  by  a  curved 
embryo  surrounding  a  floury  albumen. 

The  placentation  of  the  Caryophyllacere  is  regarded  by  some  authors  as 
forming  one  of  the  exceptions  to  the  marginal  type,  the  free  central 
column  of  mature  ovaries  being  regarded  as  a  product  of  the  receptacle, 
independent  of  the  carpels.  But  the  dissepiments  exist  in  the  early  stages 
of  development,  and  are  torn  away  during  the  expansion  of  the  ovary : 
hence  there  is  no  necessity  to  assume  the  independent  origin  of  the  pla- 
centas. Monstrous  blossoms  of  plants  of  this  Order  do  not  decide  the 
question,  since  these  have  been  found  with  really  independent  growth  of 
the  ovules  from  the  base  of  the  ovary,  and  with  ovules  developed  upon 
the  margins  of  the  carpels. 

Distribution.— An  Order  consisting  of  several  genera  and  a  large  number 
of  species,  for  the  most  part  natives  of  temperate  and  cold  climates,  extend- 
ing to  the  Arctic  regions  and  to  almost  the  extreme  limit  attained  by 
flowering  plants  on  mountains. 
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Qualities  and  Uses. — The  plants  of  this  Order  are  generally  devoid  of 
active  properties — some  of  them  containing  more  or  less  of  a  deleterious 
principle,  called  Saponine,  as  Saponaria,  Agrostemma,  Silene,  &c. ;  and 
Gypsophila  Struthium,  the  Egyptian  Soap-root,  derives  its  name  from  its 
saponaceous  properties ;  this  substance  is  generally  most  abundant  in 
the  roots.  The  genus  Dianthus,  or  Pink,  is  remarkable  for  the  beauty  of 
its  flowers  ;  D.  barbatus  is  the  Sweet- William  ;  D.  plumarius  is  the  parent 
of  the  varieties  of  Garden  Pink ;  D.  Caryojrfiyllus  (the  Clove-Pink),  of  the 
Carnation  and  its  varieties.  Lychnis  and  Silene  also  afford  handsome 
garden  plants.  A  large  proportion  of  the  plants  of  this  Order  are  insig- 
nificant weeds ;  one  of  them,  Spurrey  (Spergula  arvensis),  is  sometimes 
grown  as  an  agricultural  crop  on  poor  soils;  for  feeding  Sheep. 


Order  XXIV.  MALVACEAE.    The  Mallow  Order. 

Class.  Columniferse,  Midi.    All,  Malvales,  Lindl.    Coh.  Malvales, 
Benth.  et  Hook. 

381.  Diagnosis.— Herbs  or  shrubs  with  alternate  stipulate  leaves 
often  covered  with  soft  down  and  regular  flowers  ;  calyx  valvate, 
and  corolla  convolute  in  asstivation ;  stamens  numerous^  mona- 
delphou>rrr^-tuT5e~which  is  adherent  below  to  the  short  claws  of 
the  petals  ;  anthers  1-celled. 

Character. 

Calyx :  sepals  5,  rarely  3  or  4,  more  or  less  united  below,  valvate 
m  the  bud,  often  surrounded  by^an  epicalyx  (§  164). 

Corolla :  petals  equal  in  number  UTthe  sepals,  hypogynous,  con- 
torted  m  aastivation,  free  or  adherent  to  the  tube  nU.hr  stamens. 

Stamens  indefinite,  monadelphous,  hypogynous,  aU  perfect ;  anthers 
1-celled,  kidney-shapedy  bursting  across. 

Ovary  :  carpels  several,  each  forming  a  cell  around  a  central  axis, 
either  coherent  into  a  multilocular  compound  ovary,  or  distinct  • 
ovules  definite  or  indefinite,  on  the  ventral  suture;  styles  equal  iii 
number  to  the  carpels  or  twice  as  many ;  coherent  or  distinct  • 
shr/mas  various. 

Fruit :  a  several-celled  capsule,  or  a  collection  of  separating  inde- 
hisecnt  cocci  or  of  follicles,  the  carpels  1-  or  many-seeded ;  seeds 
wun  nttle  or  no  albumen,  embryo  curved,  cotyledons  much  twisted 
oily,  testa  sometimes  hairy.  ' 
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Illustrative  Genera. 


Tribe  3.  Hibisceje.  Herbs  or 
under  shrubs.  Styles  as  many  as  the 
carpels ;  fruit  syncarpous,  capsular. 

Hibiscus,  L. 

Gossypium,  L. 

Tribe  4.  Bomb  ace  m.  Trees  or 
shrubs.  Stamina!  column  divided  into 
5  or  more  divisions,  each  loith  one  or 
more  anthers;  styles  confluent  or 
equal  to  the  carpels;  fruit  syncar- 
pous, dehiscent  or  indehiscent. 
Adansonia,  L. 
Bombax,  L. 


Tribe  1.  Malve^g.  Herbs  or  un- 
dershrubs.  Stamina!  column  antheri- 
ferous  to  the  top ;  styles  as  numerous 
as  the  cells  of  the  ovary ;  ripe  carpels 
seceding  from  the  columella. 

Malope,  L. 

Althaea,  L. 

Malva,  L. 

Sida,  L. 

Tribe  2.  Urene^e.   Herbs.  St.a- 
minal  column  destitute  of  anthers  at 
the  top ;  styles  twice  as  many  as  the 
cells  of  the  ovary ;  fruit  as  in  Tribe  1. 
Pavonia,  L. 

Affinities. — The  "  compound  "  stamens  of  these  plants  appear  first  in  the 
form  of  five  little  tubercles,  the  primordial  stamens;  from  the  sides  of 
these  are  subsequently  developed  others.  The  anthers  are  bilocular  in  the 
first  instance,  but  become  1-celled  by  the  obliteration  of  the  partitions. 
Malvaceae  are  closely  allied  to  Byttneriaceae,  Sterculiaceae,  and  Tiliaceae, 
especially  to  the  first  two,  by  the  general  structure  and  the  aestivation  of  the 
calyx,  but  are  distinguished  by  their  1-celled  anthers  from  all  three  ;  to 
the  Geraniaceae  they  are  related  by  the  monadelphous  stamens,  twisted 
aestivation  of  the  corolla,  and  the  occasional  separation  of  the  carpels  from 
a  central  axis  in  the  ripe  fruit ;  with  Chlaenaceae  there  is  a.  connexion 
through  the  epicalyx  or  calycine  involucre  and  the  monadelphous  stamens ; 
and  some  points  of  structure,  but  especially  the  properties,  resemble  those 
of  Linaceae :  from  Camelliacea?,  which  have  the  stamens  more  or  less 
coherent,  they  may  be  distinguished  by  the  valvate  calyx.  Malope  pre- 
sents a  curious  condition  of  the  carpels,  which  are  numerous  and  distinct, 
resembling  those  of  a  Ranunculaceous  plaut.  Tbe  Bombaceous  subdivision 
is  referred  here  on  account  of  the  1-celled  anthers.  The  trunks  of  some 
of  the  trees  in  this  group  attain  enormous  age  and  dimensions,  as  in  the 
Adansonia  or  Baobab,  and  the  Bombax,  the  latter  of  which  produce 
great  proj ecting  buttresses  from  their  stems.  The  calyx  in  this  subdivision 
is  tough  and  leathery;  and  the  pollen  is  generally  smooth,  not  spiny,  as  in 
the  rest  of  the  family.  The  hairy  seeds  of  this  subdivision  recall  those  of 
Gossypium. 

Distribution. — A  large  order,  with  several  genera  and  very  numerous 
species ;  the  latter  are  most  abundant  in  the  tropics,  diminishing  gradually 
in  the  temperate  regions,  and  absent  from  the  frigid  zone. 

Qualities  and  Uses. — The  ordinary  properties  of  this  Order  depend  on 
the  abundance  of  a  bland  mucilage,  especially  in  the  roots,  as  in  the 
Marsh-mallow  (the  French  Guimauve)  (AWicea  officinalis),  the  flower  of 
the  Hollyhock  (Alt/uea  rosea),  the  common  Mallow  (Malva  sylvcsfris),  &c. 
The  leaves  of  the  Hollyhock  yield  a  blue  dye  like  indigo.  But  the  most 
important  qualities  of  these  plants  depend  upon  their  tissues,  namely  the 
fibrous  liber  of  their  stems,  which  in  some  cases  furnishes  large  quantities 
of  hemp-like  fibre  to  commerce,  as  the  Hibiscus  cannabinus  (Sun-hemp). 
H.  arborem,  various  species  of  Sida,  &c,  and  the  hairs  of  the  seeds  of 
Gossypium,  constituting  Cotton.    Four  distinct  species  of  Cotton  are  sup- 
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posed  to  exist,  viz. : — G.  herbaceum,  the  ordinary  Indian  Cotton-plant 
G.  arboreum,  the  Indian  Tree-cotton ;  G.  barbadense,  to  which  the  IN  ortli- 
American  Cottons  belong,  and  the  Bourbon  cotton  of  India;  and  (x.peru- 
vianum  or  acuminatum,  Pernambuco  or  Brazil  cotton,  Ihe  seeds  or 
Gosmjpium  contain  a  large  quantity  of  almost  colourless  oil,  together  with 
a  brown  resinous  substance  contained  in  special  reservoirs,  which  colours 
the  expressed  oil.  The  hairs  of  the  seeds  of  the  Silk-cotton  trees  {Uom- 
bax)  cannot  be  spun  like  cotton,  but  are  used  for  stuffing  cushions  etc. 
The  Durian  (Durio  zibethinus)  has  an  aromatic  edible  fruit.  The  fruit  ot 
the  Baobab  (Adansonia)  has  an  agreeable  acid  juice.  Most  of  the  Malvaceae 
have  handsome  flowers,  and  many  are  cultivated  in  our  gardens  and 
stoves. 


Order  XXV.  BYTTNERIACEiE.   The  Chocolate  Order. 

Class.  Columniferffl,  Midi.    All.  Malvales,  Lindl.    Coh.  Malvales, 
Benih.  et  Hook. 

382.  Diagnosis. — Trees  or  shrubs,  occasionally  climbers,  with  alternate 
simple  leaves  and  mostly  with  deciduous  stipules ;  calyx  4-5-lobed, 
valvate ;  corolla  absent,  or  of  5  variable  petals ;  stamens  hypogynous, 
definite,  and  opposite  to  the  petals  or  twice  as  many,  half  sterile  (stanii- 
nodes),  almost  always  inserted  into  a  cup  or  tube;  anthers  2-celled, 
introrse ;  ovary  sessile  or  stalked,  of  4-10  carpels  round  a  central  column  ; 
embryo  generally  in  a  small  quantity  of  albumen,  cotyledons  plaited. 


Byttneria,  Laffl. 
Theobroma,  L. 


Illustrative  Genera. 

Scaphopetalum,  Mast.  Melhania,  Forsk. 
Dombeya,  Cav. 


Affinities. — This  Order  is  very  near  Sterculiacese,  with  which,  indeed,  it 
is  combined  by  Bentham  and  Hooker,  but  is  distinguished  by  the  introrse 
anthers,  some  of  which  are  usually  sterile  ;  the  same  organs,  being  2-celled, 
afford  a  distinction  from  Malvacese,  to  which  they  at  the  same  time 
approach ;  the  monadelphous  stamens  and  the  absence  of  a  disk  remove  them 
from  Tiliaceae.  Lindley  thinks  that  the  frequent  absence  of  the  corolla 
and  the  occurrence  of  sterile  stamens  indicate  a  relationship  to  Euphor- 
biacete.  The  staminodes  represent  certain  portions  of  the  "  compound  " 
stamen  not  antheriferous  (see  under  Malvaceae).  Sometimes  the  staminode 
forms  the  terminal,  or  at  other  times  a  lateral  lobe  of  the  primary  stamens, 
which  in  these  cases  may  be  compared  to  a  digitate  leaf.  The  stami- 
node in  some  cases  seems  to  serve  the  purpose  of  collecting  and  retaining 
the  pollen. 

Distribution. — A  small  order  whose  members  are  natives  chiefly  of  the 
tropics  of  both  hemispheres. 

Qualities  and  Uses. — These  plants  generally  resemble  Malvaceae  in 
properties.  Abroma  and  Dombeya  furnish  materials  for  cordage ;  Quazuma 
idmifolia  (Brazil)  has  an  agreeable,  sweet,  mucilaginous  fruit.  The  most 
interesting  member  of  the  Order,  however,  is  the  Theobroma  Cacao,  from 
the  fruits  and  seeds  (Cacao  beans)  of  which  chocolate  and  "  cocoa  "  are 
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prepared.  A  spirit  is  also  distilled  from  the  pulp  of  the  fruit.  Species  of 
many  of  the  genera  have  been  introduced  as  greenhouse  shrubs,  but  most 
of  them  are  unattractive.  Some  of  the  species  of  Dombeya  are  very 
ornamental. 


Order  XXVI.  STEECULIACE/E.  The  Sterculia  Order. 

Class.  Columniferae,  JEndl.    All.  Malvales,  Lindl.    Coh.  Malvales, 
Bcnth.  et  Hook. 

383.  Diagnosis. — Trees  or  shrubs  with  alternate  simple  or  compound 
leaves  and  free  deciduous  stipules  ;  flowers  regular  or  irregular,  frequently 
unisexual  by  abortion  ;  calyx  and  corolla  resembling  those  of  Malvacea? 
or  petals  absent;  stamens  monadelphous  or  polyadelphous;  anthers 
2-celled  and  extrorse;  carpels  5,  rarely  3,  distinct  or  coherent,  often 
pedicellate  ;  seeds  very  variable. 

Illustrative  Genera. 


_  Tribe  1.  Sterculie^e.  Leaves 
simple  or  palmate ;  floivers  apetalous 
and  unisexual  by  abortion. 

Heritieria,  Ait. 

Sterculia,  L. 

Cola,  Schott. 

Tribe  2.  Helictere.35.  Leaves 
simple ;  flowers  perfect ;  petals  deci- 
duous ;  staminodes  small. 

Helicteres,  L. 


Tribe  3.  Fremontie^:.  Floivers 
hermaphrodite ;  stamens  conjoined ; 
anthers  5 ;  staminodes  wanting. 

Fremontia,  Hook. 

Cheirostemon,  L. 
Tribe  4.  Hermannte^:.  Flozcers 
hermaphrodite ;    petals  persistent, 
twisted  in  cestivation ;  stamens  di- 
stinct ;  staminodes  wanting. 

Hermannia,  L. 

Waltheria,  L. 


Affinities. — The  perfect,  2-celled,  extrorse  stamens  separate  the  plants 
of  this  Order  from  the  Malvaceas  and  Byttneriacea?,  the  monadelphous  con- 
dition from  the  Tiliacese.  The  Helicterece  are  midway  between  Bombacea 
and  Stercidiece,  and  the  Sterculiece  form  the  transition  to  the  Byttne- 
riacere. 

Many  plants  of  this  Order  are  interesting  in  structural  respects.  Dcla- 
bechea  (Australia),  Brachy  chiton,  and  others  have  a  trunk  swollen  midway 
between  the  ground  and  the  crown  of  the  tree,  giving  the  appearance  of 
a  huge  flask  or  bottle.  Helicteres  is  so  called  from  its  twisted  follicles ; 
the  pods  of  some  Sterculiea  open  out  like  leathery  leaves  with  the  ripe 
seeds  on  their  margins.  The  species  of  Sterculia  and  Cola  are  remarkable 
for  the  variable  condition  of  their  seed,  some  having  albumen,  others  not ; 
the  direction  of  the  radicle  with  reference  to  the  hilum  is  also  different  in 
different  species.  Cola  has  often  three  or  four  cotjdedons,  or  perhaps 
two,  deeply  divided. 

Distribution. — An  Order  not  very  numerous  in  species,  which  latter  are 
natives  of  the  tropics.    The  Stercidiea  chiefly  in  India  and  Africa. 

Qualities  and  Uses. — Mucilaginous.  Sterculia  Tragacantha  yields  the 
gum  Tragacanth  of  Sierra  Leone,  S.  wens  a  similar  gum ;  the  seeds  of 
all  the  species  are  oily,  like  those  of  Malvaceae ;  the  same  properties  are 
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o-enerally  diffused.  StereuUa  guttata  and  villosa  yield  fibres  fit  for  cordage 
and  woven  fabrics.  Cola  acuminata  furnishes  the  Cola  nuts,  greatly 
esteemed  bv  the  negroes  for  their  bitter  properties.  Cheirostemon  plata- 
noides,  the  lland-plant  of  Mexico,  has  a  remarkable-looking  flower:  the 
tube  of  the  monadelphous  stamens  is  split  above  and  spread  out,  so  that 
the  anthers  resemble  five  fingers  or  claws,  while  the  curved  style  looks 
like  a  thumb.  This  and  various  other  plants  of  the  Order  have  been 
introduced  as  stove-shrubs. 


Order  XXVII.  TILIACEiE.  The  Lime  or  Linden  Order. 


Class.  Columniferte,  JEndl.    All.  Malvales,  Lindl.    Coh.  Malvales, 
Benth.  et  Tloolt. 

384.  Diagnosis. — Trees  (rarely  herbs)  with  alternate  usually  sti- 
pulate leaves  ;  flowers  regular,  hermaphrodite  ;  calyx  valvate ;  petals 
imbricated  in  aestivation  ;  sepals  deciduous  ;  stamens  usually  polya- 
delphous ;  anthers  2-celled. 

Character. 

Calyx  of  4-5  distinct  or  coherent  sepals,  valvate  in  aestivation. 
Corolla  of  4-5  distinct  petals,  imbricated  or  wanting. 
Stamens  mostly  numerous,  hypogynous,  distinct  or 

united  in  parcels,  sometimes  surrounded  by  the 

enlarged  border  of  the  disk  beneath  the  ovary ; 

anthers  2-celled,  dehiscing  longitudinally  or  by 

pores. 

Ovary  single,  many-celled,  composed  of  2-10  carpels 
(sometimes  disunited)  with  the  placentas  in  the 
inner  angle  (axile)  ;  ovules  few  or  numerous  ;  style 
1,  stigmas = the  carpels. 

Fruit  dry  or  succulent,  sometimes  samaroid ;  many- 
celled  or  1-celled  by  abortion  (fig.  352). 

Embryo  erect,  in  the  axis  of  fleshy  albumen,  with  flat  cotyledons 
and  radicle  next  the  hilum. 


IVuit  of  TiUa:  a, 
entire ;  b,  cross 
section,  show- 
ing 1  fertile  and 
4  abortive  cells. 


Luhea,  Willd. 
Corchorus,  L. 


Illustrative  Genera. 

Triumfetta,  Plum. 
Tilia,  L. 


Grewia,  Juss. 
Elffiocarpus,  L. 


Affinities — The  distinct  or  polyadelphous  stamens,  the  2-celled  anthers, 
and  the  disk  separate  these  plants  from  their  near  allies,  the  Malvaceae, 
Byttneriaceaa,  and  Sterculiacere.  From  Camelliaceae  they  differ  in  the 
aestivation  of  the  calyx,  and  from  Bixacece  in  the  structure  of  the  fruit. 
Various  remarkable  peculiarities  of  structure  occur  in  the  genera.  Some 
species  of  Apeiba  are  said  to  have  24  cells  in  the  fruit ;  Diplophractum  has 
parietal  placentas  with  spurious  dissepiments  in  the  fruit.  The  polyadel- 
phous stamens  of  Luhea,  and  of  the  American  species  of  Tilia,  which  stand 
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in  bundles  before  the  petals,  are  supposed  to  be  instances  of  charms  (§  149). 
Limes  aro  peculiar  in  the  adhesion  of  the  flower-stalk  to  the  bract. 
Grewia  has  glandular  petals ;  Elceocarpus  has  them  fringed,  in  some  species 
they  are  absent. 

Distribution. — There  are  between  three  and  four  hundred  species,  per- 
taining to  thirty-five  or  forty  genera.  The  Limes  or  Lindens  (Tilia)  are 
trees  of  the  northern  parts  of  both  hemispheres;  but  the  rest  of  the  Order 
are  chiefly  tropical.    Triumfettas  are  tropical  weeds  with  bur-like  fruits. 

Qualities  and  Uses. — The  general  properties  are  the  same  as  those  of  the 
allied  Orders — mucilaginous  juices  and  fibrous  bark.  Many  are  valuable 
timber-trees,  and  some  yield  edible  fruits.  The  fibrous"  liber  of  the 
European  Tilice  furnishes  the  well-known  Russian  "bast"  or  "bass;" 
various  species  of  Corchoras  furnish  fibres  in  India,  especially  C.  capsular  is, 
which  affords  "Jute,"  a  fibre  very  extensively  substituted  for  hemp; 
C.  olitorius  is  used  as  a  pot-herb.  The  berries  of  Grewia  sapida,  asiatica, 
and  others  are  pleasantly  acid,  and  are  used  in  making  sherbet ;  and  the 
berries  of  some  kinds  of  Corchorus  and  of  Elceocarpus  are  eaten.  Various 
species  of  I/uhea  (Brazil)  and  Grewia  (East  Indies)  furnish  valuable 
timber.  The  Lime-trees  of  Europe  ( Tilia  europcea,  grandifolia,  and  par- 
vifolia)  are  valued  not  only  for  their  bast,  but  for  their  beauty,  their  white 
even  wood,  and  the  fragrance  of  their  blossoms.  Many  of  the  tropical  spe- 
cies, such  as  Sparmannia  africana,  Gh/phcea  greiviuides,  have  been  intro- 
duced as  stove-shrubs.    Honckenya  Jicifolia  has  large  violet  flowers. 


Order  XXVIII.  DIPTEBACEiE. 

Class.  Guttiferae,  Endl.    All.  Guttiferales,  Lindl.    Coh.  Guttiferales, 

Benth.  el  Hook. 

385.  Diagnosis. — Large  trees  abounding  in  resinous  juice,  with  alternate 
strongly  feather-ribbed  leaves  and  large  convolute  deciduous  stipules; 
flowers"  perfect,  the  calyx  5-lobed,  lobes  imbricate,  unequal,  persistent, 
afterwards  enlarged  like  wings ;  petals  5,  hypogvnous ;  stamens  hypo- 
gynous,  indefinite,  distinct,  or  slightly  and  irregularly  polyadelphous ; 
anthers  subulate,  produced  above ;  ovary  superior,  3-celled ;  fruit  1-celled 
by  suppression,  1-seeded,  and  3-valved  or  indehiscent,  and  surrounded  by 
the  enlarged  calyx,  forming  a  crown  above  it ;  seeds  exalbuminous. 

Illustrative  Genera. 


Dipterocarpus,  Gartn. 
Dryobalanops,  Gcertn. 


Vateria,  L. 
Shorea,  Roxb. 


(Lophira,  Banks.) 

Affinities  Tropical  trees  related  to  the  preceding  Orders  in  some  re- 
spects, but  in  the  imbricated  calyx  and  in  other  particulars  having  more 
affinity  to  the  Clusiacere,  from  which  they  differ  m  the  aestivation  of  the 
corolla  and  in  the  presence  of  stipules.  Their  large  deciduous  stipules 
resemble  those  of  Magnolia;  but  the  most  characteristic  feature  of  the 
Order  is  the  enlarged' persistent  calyx,  which  forms  long  winged  lobes 
crowning  the  fruit.  Some  authors  separate  Lophira  as  the  type  of  a 
distinct  Order  which  is  in  some  degree  (as  in  its  1-celled  ovary)  different 
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both  from  the  Dipteracece  and  the  Clusiaceae,  but  may  probably  remain 
among  the  former.  .  . 

Distribution.— This  Order  consists  of  ten  or  twelve  genera,  comprising 
upwards  of  a  hundred  species.  These  plants  are  large  trees  or  rarely 
climbing  shrubs  of  the  forests  of  tropical  Asia.  Lophira  belongs  to  Sierra 
Leone. 

Qualities  and  Uses. — The  juices  yield  a  balsamic  resin,  of  whch  various 
kinds  are  imported.  Sumatran  hard  Camphor  is  found  in  the  form  of 
concretions  in  fissures  and  cavities  of  the  trunk  of  Dryobalanops  Campliora ; 
the  Camphor-oil  of  Borneo  and  Sumatra  is  said  to  be  the  same  substance 
in  a  fresher  state.  Sliorea  robusta  yields  the  Dhoona  or  Dammar  pitch, 
used  for  incense  in  India.  Vateria  indica  affords  the  Piney  resin  or  Piney 
Dammar  of  India,  sometimes  called  Indian  Copal  or  gum  Animi,  largely 
used  for  making  varnish.  Dipterocarpus  trinervis  and  other  speciesyield  a 
balsam  like  Copaiba.  Lophira  is  called  the  Scrubby  Oak  in  Sierra  Leone ; 
its  dry  corky  bark  contains  no  resinous  juice. 

(Chl^nace-s:  constitute  a  small  Order,  consisting  at  present  of  a  few 
shrubs,  natives  of  Madagascar;  related  to  Malvaceae  in  having  niona- 
delphous  stamens  and  an  epicalyx;  but  the  calyx  is  imbricated  in  aestiva- 
tion, like  that  of  Camelliaceas  &c.  Placed  by  Lindley  near  Oxalidaceae, 
Balsaniinaeeae,  Linaceas,  and  Geraniaceae.) 


Order  XXIX.  TERNSTRGEMIACEiE  or  CAMEL- 
LIACEiE.    The  Camellia  Order. 

Class.  Guttiferse,  Endl.    All.  Guttiferales,  Lindl.    Coh.  Guttiferales, 

Benth.  et  Hook. 

386.  Diagnosis. — Trees  or  shrubs,  with  alternate  simple  leaves  and  no 
stipules ;  flowers  regular,  polyandrous,  hypogynous ;  sepals  and  petals  both 
imbricated  in  aestivation ;  stamens  more  or  less  coherent  (1-,  3-,  or  5- 
adelphous)  at  the  base,  and  adherent  to  the  bases  of  the  petals ;  anthers 
2-celled ;  seeds  few,  sometimes  arillate ;  albumen  little  or  none ;  embryo 
straight  or  folded,  with  the  cotyledons  large  and  thin,  oily. 

Illustrative  Genera. 


Tribe  1.  Rhizobole^!. 
Caryocar,  L. 

Tribe  2.  Marcgraavieje. 
Marcgraavia,  L. 

Tribe  3.  Ternstrcemie^e. 
Ternstrcemia,  L.f. 


Tribe  4.  Saurauje^!. 

Sauraja,  Willd. 
Tribe  5.  Gordonie-e. 
Gordonia,  J£llis. 
Camellia,  Linn. 
Tribe  6.  Bonnetti^e. 
Kielmeyera,  Mart. 


Affinities,  &c — Ternstroemiads  differ  from  Bixads  in  their  many-celled 
ovary  and  want  of  stipules ;  from  Dipterocarps  in  their  calyx,  which  is 
not  accrescent,  their  many-celled  ovary,  and  watery  (not  resinous)  iuiCP 
£rom  lihacece  they  differ  in  their  imbricate  (not  valvate)  calyx-  from 
Guttifers  in  their  alternate  leaves,  usually  perfect  flowers,  lono-'  stX 
curved  embryo,  &c.   From  Hypericads  they  differ  in  habit  foliage  and 


230 


SYSTEMATIC  DOTANY. 


inflorescence.  Through  Saurqja  they  are  connected  -with  the  Ericaceous 
genus  Clethra  and  with  Dilleniads.  Eurya  establishes  a  connexion  with 
Sapotacece;  hut  these  latter  plants  have  extrorse  anthers.  The  tribe 
MarcgraavieeB,  by  some  considered  a  distinct  Order,  comprises  a  few 
plants  differing  from  the  rest  of  the  Order  in  their  aggregate  flowers, 
introrse,  basifixed  anthers,  sessile  stigmas,  and  specially  in  their  very 
peculiar  horn-like  tubular  bracts.  The  Rhizobolcce  are  large  trees,  with 
opposite  digitate  leathery  leaves,  with  an  articulated  stalk,  and  no  sti- 
pules ;  sepals  5  or  6,  more  or  less  coherent,  imbricated ;  petals  5-8,  inserted 
with  the  numerous  stamens  on  an  hypogynous  disk;  stamens  slightly 
coherent,  in  two  circles,  the  inner  shorter  and  often  <abtn-tive ;  ovary 
superior,  4-5-  or  many-celled,  with  as  many  short  styles  and  minute 
stigmas,  each  cell  with  1  ovule  attached  in  the  axis;  fruit  of  several 
combined  indehiscent  1-seeded  nuts,  with  a  large  exalbuminous  seed 
chiefly  consisting  of  an  enormous  radicle  with  the  cotyledons  lying  in  a 
groove.  The  large  palmate  leaves  of  Caryocar  resemble  those  of  JEsctUus ; 
but  here  the  radicle,  and  not  the  cotyledons,  forms  the  mass  of  the  embryo. 

Distribution. — The  Ternstroemiads  constitute  a  rather  large  family 
distributed  mainly  in  tropical  America  and  Eastern  Asia ;  very  few  are 
found  in  North  America,  and  one  species  in  the  Canaries. 

Qualities  and  Uses. — Some  Saurajas  possess  emollient  properties.  Gor- 
donia  is  astringent.  Tea  is  the  produce  of  Then  chinensis ;  black  tea  and 
green  tea  are  produced  by  the  same  plant,  the  difference  consisting  in  the 
time  of  picking  and  mode  of  preparation  of  the  leaves.  The  stimidant 
properties  of  tea  are  due  to  the  presence  of  a  volatile  oil  and  an  astrin- 
gent principle ;  the  nutritive  qualities  to  a  nitrogenous  substance  called 
theine.  The  leaves  also  contain  caseine,  which,  being  insoluble  in  water, 
is  not  utilized  by  us ;  but  it  is  stated  that  the  Tibetans,  after  drinking 
the  infusion,  mix" the  leaves  with  fat  and  then  eat  them. 

Assam  tea  is  the  produce  of  a  species,  T.  Assamica,  a  native  of  the 
district  whence  its  name  is  derived.  Camellia  Sasanqua  is  used  with 
Olea  fragrans  to  give  flavour  and  perfume  to  Chinese  tea;  C.  okifera 
affords  excellent  salad-oil.  Freziera  theoides  is  made  into  tea  in  Panama. 
The  Marcgraavias  have  diuretic  properties.  The  Souari  nuts  of  commerce 
are  the  separated  fruit-lobes  of  Caryocar  butyrosum,  so  called  on  account 
of  the  oil  in  the  seeds.  The  timber  of  this  tree  is  highly  valued.  Many 
of  the  plants  of  this  Order  are  in  cultivation  on  account  of  then-  handsome 
flowers,  such  as  the  Camellia,  of  which  many  hundred  varieties  are  grown, 
Gordonia,  Stuartia,  &c. 


Order  XXX.  CLUSIACE^l  or  GUTTIFERiE. 
The  Gamboge  Order. 

Class.  Guttiferro,  Endl.    All.  Guttiferales,  Lindl.    Coh.  Guttiferales, 

Benth.  et  Hook. 

387.  Diagnosis.— Trees  or  shrubs,  occasionally  parasitical,  with  resinous 
mice ;  opposite,  coriaceous,  exstipulate,  entire  leaves ;  flowers  axillary  or 
terminal,  perfect  or  diclinous  bv  abortion ;  sepals  imbricated  in  2  or  more 
decussating  pairs,  usually  persistent  and  petaloul ;  petals  hypogynous, 
isomerous  with  the  sepals,  sometimes  confounded  with  them ;  stamens 
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hvpogynous,  numerous,  distinct,  or  in  several  parcels,  rarely  definite, 
filaments  of  various  lengths;  anthers  adnata,  not  beaked,  sometimes 
1-celled,  opening  by  a  pore  or  transverse  slit;  disk  fleshy,  sometimes 
5-lobed;  ovary  superior,  1-  or  many-celled;  stigmas  sessile,  peltate,  or 
radiate ;  ovules  solitary  or  few  on  axile  placentas;  seeds  frequently  witn. 
an  aril,  without  albumen. 

Illustrative  Genera. 


Xanthochymus,  Roxb. 
Oambogia,  L. 


Calopkylliim,  L. 


Clusia,  L. 
Garcinia,  L. 

Affinities.— This  Order  is  related  to  the  Hypericaceas  in  many  respects, 
but  may  be  distinguished  by  the  tree-like  habit,  the  leathery  leaves  with 
articulated  stalks,  the  tendency  to  a  binaiy  arrangement  of  the  floral 
envelopes,  the  seeds  usually  solitary  in  the  cells  of  the  ovary,  &c.  The 
genera  with  5-merous  flowers,  Arrudea,  Moronobcca,  &c,  form  a  connecting 
link.  The  relationship  to  Temstrcemiads  has  been  alluded  to  under  that 
family.  The  Clusia  are  described  as  parasitical,  overgrowing  other  trees 
and  killing  them ;  perhaps,  however,  they  are  merely  epiphytic,  like  Ficus. 

Distribution. — The  genera  are  about  twenty-five  in  number,  comprising 
some  two  hundred  and  fifty  species,  distributed  throughout  the  tropics, 
chiefly  in  South  America,  but  some  in  Africa. 

Qualities  and  Uses. — An  acrid  juice,  forming  a  yellow  gum-resin,  with 

Surgative  properties,  is  one  of  the  most  striking  characteristics  of  this 
irder.  The  various  kinds  of  Gamboge  are  the  most  familiar  examples  of 
this  substance ;  but  from  which  species  they  are  derived  appears  to  be 
doubtful.  Ceylon  gamboge  is  said  to  be  derived  from  Cambogia  Gutta 
(Hebradendron  Cambogiotdes,  Grab.) ;  the  Pipe-gamboge  of  Siani  from 
Garcinia  cochin-chinensis ;  Coorg  gamboge  is  also  from  a  Garcinia ; 
G.  elliptica  furnishes  the  gamboge  of  Sylhet.  The  species  of  Clusia  yield 
a  useful  resinous  juice,  as  do  those  of  Ccdqphylkim,  C.  Calaba  furnishing 
the  East-Indian  resin  called  Tacamahaca.  Pentadesma  buti/racea,  the 
Butter-  or  Tallow-tree  of  Sierra  Leone,  is  so  named  from  the  yellow  fatty 
substance  which  exudes  from  the  cut  fruit.  Although  the  resinous  juices 
are  usually  so  active  in  their  properties,  the  fruits  of  various  Clusiaceas 
are  not  only  edible,  but  highly  prized  for  their  delicious  flavour.  The 
Mammee  Apple,  or  Wild  Apricot  of  South  America,  is  the  fruit  of  Mammea 
africana:  the  juice  of  the  flowers  is  fermented  and  distilled,  and  the  sap 
is  made  into  a  kind  of  wine.  The  celebrated  Mangosteen  is  the  fruit  of 
Garcinia  Mangostana  (native  of  Malacca)  ;  other  species  of  Garcinia,  as 
Q.  pedunculata,  cornea,  &c,  have  edible  fruits.  Clusia  Jlava  is  called  the 
Wild  Mango,  or  Monkey-apple;  in  Jamaica. 


Order  XXXI.  HYPERICACEjE.    The  St.  John's  Wort 

Order. 

Class.  Guttifera,  Endl.   All.  Guttiferales,  Lindl.    Coh.  Guttiferales, 

Benth.  ct  Hook. 

388.  Diagnosis.— Herbs  or  shrubs  with  opposite,  entire,  dotted  leaves 
without  stipules ;  regular  hermaphrodite  flowers,  the  petals  mostly  oblique 
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or  convoluted  in  the  bud ;  the  many  or  few  stamens  polyadelphous,  some- 
times with  glands  between  them;  capsule  1-celled,  with  2-5  parietal 
placentas  and  as  many  styles,  or  3-5- celled  by  union  of  the  dissepiments 
in  the  centre ;  dehiscence  septicidal ;  seeds  numerous,  exalbuminous. 

Illustrative  Genera. 
Hypericum,  L.  |  Parnassia,  L.  (aberrant  form).  |  Vismia,  Velloz. 

Affinities. — This  Order  is  not  distantly  removed  from  the  Clusiaceae ;  but 
the  habit,  the  hermaphrodite  flowers,  usually  distinct  styles,  the  want  of 
articulation  of  the  peduncles  and  petioles,  the  numerous  seeds,  and  the 
o-merous  floral  envelopes  generally  afford  distinctive  marks.  From 
Ternstrcemiads  they  differ  in  their  cymose  inflorescence  and  opposite 
leaves.  The  dark-coloured  glands  on  the  borders  of  the  petals  are  very 
characteristic  here,  as  also  the  polyadelphous  stamens,  which  are  some- 
times regarded  as  instances  of  chorisis  (§  149),  but  which  more  probably 
are  compound  stamens.  The  genus  Parnassia  differs  from  the  rest  of  the 
Order  in  its  alternate  leaves  and  the  stigmas  opposite  the  parietal  placentas ; 
but  in  some  species  of  Hypericum  the  axile  placentas  become  drawn  apart 
during  the  ripening  of  the  seed,  and  show  their  really  marginal  origin  ; 
and  the  glands  on  the  petals  of  Parnassia  are  probably  related  to  the 
bundles  of  stamens  of  Hypericum.  Parnassia  is  regarded  by  some  as 
referable  to  Droseraceae ;  it  forms  a  link  connecting  the  present  Order 
with  Cistaceae  and,  being  sometimes  perigynous,  also  with  Saxifragaceae, 
with  which  latter  group,  indeed,  it  is  associated  by  Hooker. 

Distribution. — There  are  a  considerable  number  of  species,  distributed 
through  8  or  10  genera.  The  plants  are  generally  dispersed  throughout 
the  temperate  and  warmer  regions  of  the  globe. 

Qualities  and  Uses. — When  a  yellow  juice  resembling  that  of  Clusiaceae 
exists,  it  is  more  or  less  purgative,  as  in  some  American  Hyperica,  and 
still  more  in  the  species  of  Vismia,  which  yield  a  gum-resin  like  gamboge  ; 
that  of  V.  guianensis  (Mexico  and  Surinam)  is  known  as  American  Gummi 
Gutta.  In  the  European  species  of  Hypericum  the  essential  oil  of  the  glands 
predominates  over  the  yellow  juice,  and  they  are  sometimes  used  as  tonics 
and  astringents.  II.  Androscemum  and  the  many  other  native  species  have 
a  strong  and  peculiar  odour,  especially  when  dried ;  H.  hircinum  is  foetid. 

(PiEAUMURiACEJ3  consist  of  a  few  plants  scarcely  separable  from  Hype- 
ricaceas.  They  have  shaggy  seeds  with  a  small  quantity  of  albumen,  and 
a  pair  of  appendages  at  the  base  of  the  petals.  Bentham  and  Hooker 
refer  them  to  Taniaricaceas,  from  which  they  differ  in  their  solitary 
flowers  and  floury  albumen.) 


Order  XXXII.  ELATINACE/E.    Water  Peppers. 

Class.  Guttifera?,  Endl.    All.  Kutales,  Lindl,    Coh,  Guttiferales, 

Benth.  ct  Hook. 

389.  Diagnosis.— Little  annual  marsh-plants,  with  opposite  dot- 
less  leaves  and  membranaceous  stipules ;  flowers  minute,  axillary ; 
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sepals  and  petals  2-5 ;  capsule  2-5-celled,  with  an  equal  number  of 
styles  with  capitate  stigmas ;  seeds  numerous,  exalbuminous. 

Illustrative  Genera. 
Elatine,  L.       |      Bergia,  L. 

Affinities,  &c._This  little  Order  consists  of  a  few  species  scattered  all 
over  the  world,  generally  acrid  in  character.  Their  relations  are  variously 
regarded  by  different  authors :  formerly  they  were  placed  near  Alsmece 
in  Caryophyllacea3,  from  which  their  many-celled  ovary  divides  them ; 
they  appear  at  least  equally  related  to  HypericaceEe,  from  which  they 
differ  in  the  presence  of  stipules  and  the  isonierous  flowers they  come 
near  to  Zygophyllacese,  as  shown  by  Lrndley,  the  transition  being  effected 
through  the  genus  Anatropa. 


Order  XXXIII.  SAPINDACEiE.  Soap-worts. 


Class.  Acera,  Endl.    All.  Sapindales,  Lindl. 

JBenth.  et  Hook. 


Coh.  Sapindales, 


390.  Diagnosis. — Trees,  shrubs,  or  rarely  herbs,  with  simple  or  com- 
pound alternate  or  opposite  leaves ;  flowers  mostly  unsymmetrical  and 
irregular,  the  4-5  sepals  and  petals  imbricated  in  aestivation ;  the  latter 
often  provided  with  a  scale  at  the  base ;  the  5-10  stamens  inserted  on  a 
fleshy  hypogynous  or  perigynous  disk ;  ovary  2-3-celled  and  lobed,  with 
2  (rarely  more)  ovules  in  each  cell ;  embryo  mostly  curved  or  convoluted, 
without  albumen. 

Illustrative  Genera. 


Suborder  1.  Sapinde.e.  Leaves 
alternate;  ovules  mostly  solitary ;  em- 
bryo curved  or  sometmies  straight. 

Cardiospermum,  L. 

Paullinia,  L. 

Sapindus,  L. 

Cupania,  L. 

Nephelium,  L. 

Suborder  2.  Hippocastane^:. 
Leaves  opposite ;  ovides  2  in  a  cell,  one 
ascending,  the  other  suspended;  em- 
bryo curved,  with  large  consolidated 
cotyledons. 


iEsculus,  L. 
Pavia,  jSoerh. 

Suborder  3.  Dodone^e.  Leaves 
alternate;  ovides  2  or  3  in  a  cell; 
embryo  spiral. 

Koelreuteria,  Lam. 
Ophiocaryon,  Schonib. 
Suborder  4.  Meliosme-E.  Leaves 
altwnate ;  flowers  very  irregidar,  sta- 
mens 5,  only  2  fertile ;  ovules  2  in 
each  cell,  both  suspended;  embryo 
folded  up ;  fruit  a  dnipe. 
Meliosma,  Endl. 


Affinities. — Some  authors  separate  the  Hippocastanece  and  make  them 
a  distinct  Order,  on  account  of  the  opposite  leaves  and  the  two  ovides  ;  and 
the  Meliosmea  on  account  of  the  irregular  flowers  and  drupaceous  fruits ; 
but  these  distinctions  are  esteemed  insufficient.  These  plants  are  nearly 
related  to_  Aceraceae,  especially  by  the  samaroid  fruits  common  here  :  the 
main  distinctions  are  variable ;  for  the  two  carpels,  the  opposite  leaves 
and  the  absence  of  scales  on  the  petals  and  of  an  aril  may  be  noted  in 
Sapindacea;:  from  Malpighiaceea,  which  have  samaroid  fruit,  they  are 
distinguished  by  their  unsymmetrical  flowers. 
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The  peculiar  convolution  of  the  embryo  is  a  very  marked  character  in 
many  of  the  Sapindaceae,  and  is  very  curious  in  Ophiocaryon,  the  Snake-nut. 
The  wood  of  the  stems  of  some  genera,  such  as  Sapindus,  Paullinia,  &c, 
presents  anomalous  conditions  from  the  distribution  of  the  fibro-vascular 
structures  into  several  groups,  so  that  the  trunks  have  a  number  of  false 
woodyaxes  besides  that  surrounding  the  pith,  all  enclosed  in  acommon  bark. 

Distribution. — The  members  of  this  large  group  are  natives  of  the 
tropics,  especially  of  South  America  and  India;  some  occur  in  North 
America  .and  other  temperate  regions;  the  Horse-chestnut  is  only 
naturalized  in  Europe. 

Qualities  and  Uses. — The  properties  of  this  Order  are  very  various. 
They  take  their  name  from  the  saponaceous  principle  contained  in  the 
fruits  of  species  of  Sapindus,  S.  Saponaria  &c,  -which  makes  a  lather 
-with  water ;  hence  the  fruits  are  used  for  washing  both  in  the  East  and 
West  Indies ;  the  Horse-chestnut,  JEsculus  TLippocastamim,  possesses  it 
to  a  certain  extent.  The  fruits  of  Sapindus  are  acrid ;  and  the  juice  of  the 
leaves  and  bark  of  some  species  is  poisonous,  as  are  the  seeds  of  S.  sene- 
galensis.  The  fruit  and  leaves  of  the  American  Horse-chestnut  or  Buck- 
eye, JEsculus  ohioensis,  are  said  to  be  actively  poisonous,  while  the  seeds 
of  Hippoeastanum  are  given  to  sheep  in  Switzerland.  The  Paullinias 
axe  veiy  poisonous,  from  an  acrid  narcotic  principle  ;  yet  P.  sorbite  fur- 
nishes in  its  fruits  an  article  of  food  for  the  Brazilian  aborigines,  called 
Guaraua  bread.  Other  plants  produce  delicious  fruits,  such  as  the 
Chinese  Litchi,  the  Longan  and  the  Rambutan,  from  species  of  Ne- 
phelium;  and  the  fruits  of  Schmidelia  edidis  (Brazil),  Melicocca  bijuga 
(West  Indies  and  Brazil),  Pappea  capensis,  Cupania  sapida,  Pmdlinia 
subrotunda,  Schleichera  trijuga,  Sajrindus  esculentus,  &c.  are  all  eaten. 

(Staphyleace^;,  comprising  a  small  number  of  species,  were  formerly 
regarded  as  related  to  Celastraceas,  but  are  now  placed  near  Sapindaceae, 
from  which  they  differ  chiefly  in  their  stipulate,  opposite,  pinnate  leaves, 
symmetrical  flowers,  albuminous  seeds,  and  straight  embryo.  They  are 
of  little  importance ;  the  species  of  Staphylea  are  scattered  all  over  the 
world.  S.  pinnata,  the  Bladder-nut,  a  native  shrub,  has  oily  and  slightly 
purgative  seeds.) 

Order  XXXIV.  ACERACEYE.  Maples. 

Class.  Acera,  Endl.    All.  Sapindales,  Lindl. 

Fig.  353. 

391 .  Diagnosis. — Trees  or  shrubs  with  oppo-  f^fo 
siteleaves,regular,iinsymmetrical,polygamous  1 
or  dioecious,  sometimes  apetalous  flowers;  I 
stamens  on  a  fleshy  disk  (fig.  353);  ovary  |^J|/3^ 
2-lobed,  2-celled,  with  2  ovules  in  each  cell ;  'iW.JffiP 
fruit  a  double  samara,  with  1  seed  in  each  t-^M|!^l> 
cell;   seeds  without  albumen;    cotyledons  Jf>;-^ 
folded,  radicle  inferior.  c/\r& 

Illustrative  Genera.  stamens  and 

'     Acer,  L.        |     Negundo,  Marnch,  ovary  of  Aw. 


Fig.  354. 


Embryo  of  Acer 
extracted  from 
the  seed. 
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Affinities.— Nearly  related  to  Sapindacere,  and  placed  with  them  by 
Benthara  and  Hooker,  from  which,  however,  they  differ  m  their  opposite 
leaves  and  petals  without  scales ;  allied  also  to  Malpighiaceae,  trom  which 
they  differ  in  the  absence  of  glands  on  the  calyx,  superior  radicle,  and 

OtllSl*  ell Rl'tlctGl'S 

Distribution.— The  group  consists  of  60-70  species,  natives  of  the 
temperate  parts  of  Europe,  Asia,  and  North  America. 

Qualities  and  Uses.— Chiefly  remarkable  for  the  sap,  from  which 
abundance  of  sugar  is  obtained  in  spring,  especially  from  A.  saccharinum 
(North  America).  Their  light  and  handsome  timber  is  also  valued  tor 
joinery  &c.  The  bark  is  astringent,  and  used  in  dyeing.  A.  campestre, 
native  Maple,  and  A.  pseudo-Platanus,  the  Sycamore,  are  common  trees 
in  Britain.  Net/undo  and  various  other  kinds  of  Maple  have  been  in- 
troduced from  North  America  on  account  of  their  beauty  as  ornamental 
trees,  especially  in  autumn. 


Order  XXXV.  POLYGALACEiE.  Milk-worts. 

Class.  Polygalinae,  Endl.    All.  Sapindales,  Lindl.    Coh.  Polygalinese, 

Benth.  et  Hook. 

392.  Diagnosis. — Herbs  or  shrubs  with  alternate,  exstipulate,  sim- 
ple leaves  ;  irregular  hermaphrodite  flowers  ;  4-8  diadelphous  or  mo- 
nadelphous  stamens ;  the  anthers  1-celled,  opening  at  the  apex  by  a 
pore  or  chink ;  fruit  a  2-celled,  2-seeded  pod ;  seeds  carunculated.. 

Character. 

Calyx :  sepals  5,  very  irregular,  distinct,  often  membranaceous ;  3 
placed  exterior,  1  behind  and  2  in  front,  the  interior  2  (wings') 
lateral,  usually  petaloid. 

Corolla :  petals  usually  3,  1  anterior  and  large  (IceeT)  and  2  pos- 
terior, between  the  wings  and  posterior  sepal  of  the  calyx,  and 
often  coherent  with  the  keel ;  sometimes  5,  the  additional  2  small, 
and  placed  between  the  wings  and  the  anterior  sepals  on  each 
side  ;  the  Jceel  entire  and  with  a  fringe  or  crest,  or  3-lobed  and 
without  a  crest. 

Stamens  hypogynous,  8,  coherent  in  a  tube,  unequal  and  ascend- 
ing ;  the  tube  split  opposite  the  back  sepal ;  or  4,  distinct ;  an- 
thers clavatc,  1-celled,  and  opening  by  a  terminal  pore,  or  2- 
celled. 

Ovary  compound,  2-3- celled,  one  cell  always  suppressed  in  some 
cases ;  ovules  suspended,  solitary  or  twin ;  style  and  stigma  simple, 
sometimes  hooded. 

Fruit  various,  dry  or  succulent,  sometimes  winged ;  seeds  pendu- 
lous, naked  or  with  a  hairy  coat,  a  caruncle  next  the  hilum ;  em- 
bryo straight  or  nearly  so,  in  abundant  albumen. 
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Illustrative  Genera. 

Saloraonia,  Lour.         Monnina,  Ruiz  8f  Pav. 
Polygala,  L.  Securidaca,  L. 

Mundia,  Kunth.  Xanthopliyllum,  Roxb. 

Krameria,  Loeffl.  (?) 

Affinities. — The  relations  of  the  Polygalaceae  have  been  a  subject  of 
much  discussion  among  botanists.  The  irregular  corolla,  somewhat 
papilionaceous  in  Polygala,  has  led  to  a  comparison  to  Leguminosae, 
from  which,  however,  they  differ  widely  :  moreover  the  odd  petal  is 
anterior  in  Polygalads,  not  next  the  axis  as  in  Leguminosae.  The  irregu- 
lar petals,  together  with  the  hooded  stigma,  have  suggested  a  relationship 
to  Violacese  ;  Krameria  has  been  referred  by  some  writers  to  the  Caesal- 
pineous  division  of  the  Leguminosas.  Most  authors,  however,  are  agreed 
that  the  nearest  affinity  is  to  Sapindaceae.  Krameria  is  raised  to  the  rank 
of  a  distinct  Order  by  a  few  writers,  on  account  of  the  different  corolla, 
composed  of  5  petals,  4  (often  free)  stamens,  and  1-celled  ovary. 

Distribution. — A  large  Order,  nearly  half  the  species  of  which  are  com- 
prised in  the  genus  Polygala  and  are  very  generally  distributed;  the 
others  are  mostly  confined  to  particular  quarters  of  the  globe. 

Qualities  and  Uses. — The  plants  of  this  Order  are  mostly  bitter,  and 
acrid  or  astringent,  with  a  milky  juice  in  the  root.  The  common  Milk- 
wort, P.  vulgaris,  and  especially  the  form  called  P.  amara,  possesses 
bitter  properties,  but  in  less  degree  than  P.  rubella  of  North  America. 
Soulamia  amara  (Molucca)  is  said  to  be  intensely  bitter.  The  more 
active  species  of  Polygala  have  emetic,  purgative,  and  diuretic  properties : 
P.  Senega,  the  American  Snake-root,  with  P.  sanguinea  and  purpurea,  the 
Cape  P.  Serpentaria,  the  European  P.  chammbuxus,  and  the  P.  crotala- 
rioides  of  the  Himalayas  &c,  all  show  this  property;  and  they  are  like- 
wise all  reputed  anti  dotes  against  the  poison  of  snakes.  >  P.  venenosa  (J ava) 
is  regarded  as  a  poison,  the  properties  being  excessively  concentrated. 
P.  tinctoria  (North  America)  is  used  in  dyeing.  The  bark  of  the  root  of 
a  species  of  Mundia  contains  a  saponaceous  substance,  and  is  used  for 
washing.  Krameria  triandra  and  other  species,  called  Rkatany,  _  are 
remarkable  for  the  powerful  astringent  quality  of  the  roots,  which  gives 
a  deep  red  colour  to  an  infusion.  Rhatany-root  is  used  in  medicine,  and 
is  employed  also  to  adulterate  Port  wine. 

(Tremandraceje  are  a  small  Order  of  plants  related  to  Polygalaceae, 
but  with  a  regular,  symmetrical  flower,  valvate  calyx,  free  stamens,  and 
seeds  hooked  at  the  chalazal  end.  They  may  be  regarded  as  regular- 
flowered  Polygalas.  De  Candolle  placed  them  between  Polygalaceae  and 
Pittosporacece.  They  are  slight,  heathy  shrubs,  growing  in  Australia ; 
16  species  are  known,  belonging  to  the  genera  Tremandra,  Tetrathcca  and 
Platytheca.  They  derive  their  names  from  the  porous  dehiscence  of  the 
anthers,  and  are  of  no  known  use.) 
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Order  XXXVI.  MALPIGHIACEiE. 

Class.  Acera,  Midi.    All.  Sapindales,  Lindl. 

393.  Diagnosis.— -Trees  or  shrubs,  often  climbers,  with  usually  opposite 
or  whorled,  rarely  alternate  leaves ;  stipules  generally  short  and  deciduous, 
occasionally  large  and  opposite  tbe  leaves ;  flowers  perfect,  or  polygamous ; 
calyx  and  corolla  5-merous,  calyx  with  glands  at  the  base  of  1  or  of  all  the 
segments ;  petals  clawed ;  stamens  mostly  10,  often  monadelphous  with  a 
thickened  produced  connective  ;  carpels  3,  or  very  rarely  2  or  4,  wholly  or 
partly  coherent,  often  keeled ;  ovules  solitary  in  the  cells,  pendulous  from 
long  funiculi ;  seeds  exalbuminous ;  embryo  with  mostly  convolute  thick 
or  leafy  cotyledons. 

Illustrative  Genera. 


Malpighia,  Plum. 
Byrsoninia,  Rich, 


Nitraria,  L. 
Banisteria,  L. 


Affinities,  &c. — The  closest  relations  of  this  Order  are  SapindaceEe  and 
Aceraceas,  from  which  they  are  distinguished  by  their  symmetrical  flowers, 
and  generally  by  the  glands  in  the  calyx,  the  long  stalks  to  the  petals,  the 
small  disk,  and  solitary  ovule.  Sorne  of  the  climbing  kinds  have  stems  of 
anomalous  structure  with  several  woody  axes,  without  annual  rings,  en- 
closed in  a  common  bark,  or  ultimately  more  or  less  separated  from  one 
another.  Nitraria,  a  genus  of  saline  plants,  is  sometimes  separated  as  a 
distinct  Order.  The  Order  is  a  large  one,  comprising  many  genera  and 
species,  which  latter  are  mostly  Tropical-American.  Their  properties  are 
generally  unimportant;  many  of  them  have  been  introduced  into  our 
stoves  on  account  of  their  showy  flowers.  The  fruits  of  Malpighia  glabra 
and  punicifolia  are  eaten  in  the  "West  Indies,  under  the  name  of  Baibadoes 
Cherries.  Munby  supposes  the  sedative  or  semi-intoxicating  drupe  of 
Nitraria  tridentata  (North  Africa)  to  have  been  the  Lotus  of  the  ancients. 
The  bark  of  most  kinds  is  astringent ;  the  hairs  of  some  Malpighias  sting 
powerfully. 

(Erythroxylace^  are  by  some  authors  separated  from  the  Malpighi- 
acese  on  account  of  the  calyx  having  no  glands,  while  the  petals  present  two 
membranous  plates,  on  account  of  their  capitate  stigmas,  and  the  absence 
of  a  long  funiculus  to  the  anatropous  ovule.  They  are  closely  allied  to 
Linacem,  with  which,  indeed,  they  are  associated  by  Bentham  and  Hooker, 
but  differ  in  the  presence  of  scales  to  the  petals/their  drupaceous  fruit, 
and  woody  stem.  They  are  shrubs,  mostly  belonging  to  one  genus,  Ery- 
throxylon, and  found  most  abundantly  in  Brazil ;  but  a  few  are  scattered 
all  over  the  globe.  They  receive  their  name  from  the  red  colour  of  the 
wood  of  some  kinds,  such  as  Erythroxylon  hypericifolium  (Mauritius). 
The  most  remarkable  plant  of  the  Order  is  E.  Coca,  the  leaves  of  which, 
under  the  name  of  Coca  or  Ipadu,  are  largely  consumed  in  Peru  and  in 
Equatorial  America,  to  produce  a  kind  of  intoxication ;  "  Coca  "  is  said  to 
enable  the  natives  to  go  two  oi<  three  days  without  food  j  it  is  mixed  with 
powdered  chalk  and  chewed.  Several  species  of  Erythroxylon  are  recorded 
and  two  or  three  belonging  to  other  Genera.) 
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Order  XXXVII.  CEDKELACEiE.    The  Ebony  Order. 

Class.  Hesperides,  Endl.    All.  Rutales,  Lindl.    Coh.  Geraniales, 
Benth.  et  Hook. 

394.  Diagnosis. — Timber  trees  with  alternate,  pinnate,  exstipulate  leaves ; 
calyx  and  corolla  4-5-rnerous;  stamens  8-10,  distinct,  inserted  in  an 
hypogynous  disk  ;  ovary  with  4-5  cells  or  3 ;  ovules  4  or  more,  in  2  rows ; 
fruit  capsular,  the  valves  separating  from  an  angular  column ;  seeds  flat, 
winged ;  albumen  thin  or  none. 

Illustrative  Genera. 
Swietenia,  L.     |     Flindersia,  E.  Br.     |     Cedrela,  L. 

Affinities,  &c. — Nearly  related  to  Meliacese,  and  included  in  that  family 
by  most  recent  authors.  The  species  are  distinguished  chiefly  by  the  free 
stamens  and  the  numerous  winged  seeds.  Chloroxylon  and  Flindersia 
have  dotted  leaves.  The  plants  are  most  common  in  the  tropics  of  America 
and  India.  They  have  fragrant,  aromatic,  and  tonic  properties,  and  their 
timber  is  valuable.  Sioietenia  Mahogani  is  the  Mahogany-tree ;  its  bark, 
and  that  of  Cedrela  Toona,  febrifuga,  and  other  species,  are  used  as  sub- 
stitutes for  Cinchona.  Chloroxylon  Swietenia  furnishes  East-Indian  Satin- 
wood  ;  and  an  oil  called  Wood-oil  is  obtained  from  it.  Oxleya  xanthoxyla 
is  the  Yellow-wood  of  Australia. 


Order  XXXVIII.  MELIACEiE. 

Class.  Hesperides,  Endl.    All.  Rutales,  Lindl.    Coh.  Geraniales,  Benth. 

et  Hook. 

395.  Diagnosis. — Trees  or  shrubs  with  alternate  or  somewhat  opposite, 
simple  or  pinnate  leaves,  without  stipules ;  flowers  sometimes  diclinous  by 
abortion ;  calyx  and  corolla  3-,  4-,  or  5-merous ;  stamens  twice  as  many, 
coherent  in  a  long  tube ;  anthers  sessile  in  the  orifice  of  the  tube ;  hypo- 
gynous disk  sometimes  cup-like  ;  ovary  compound,  few-  or  many-celled ; 
style  1 ;  ovules  1-2,  rarely  4  in  a  cell ;  fruit  succulent  or  capsular,  often 
1-celled  by  abortion ;  seeds  not  winged ;  albumen  fleshy  or  absent. 

Illustrative  Genera. 
Melia,  L.  Guarea,  L. 

Lansium,  Humph.        Carapa,  Aubl. 

Affinities,  &c— Nearly  related  to  Cedrelacece  and  Aurantiacese.  A  more 
distant  affinity  is  with  Sa,pindacefe  and  Rutacere.  The  species  are  nume- 
rous, and  are  found  in  the  hotter  parts  of  the  globe  generally ;  they  possess 
bitter  and  astringent  properties;  some  are  powerfully  purgntiye  and 
emetic  such  as  Guarea  Aubletii  and  trichilioides,  TMchxha  emetica,  &c. 
Melia  Azedarach,  the  Neem-tree,  or  Margosa,  of  the  East  Indies,  is  sup- 
posed to  have  febrifugal  properties;  its  succulent  pericarp  yields  an  oil; 
and  a  kind  of  toddy  is  obtained  by  tapping  it.  Carapa  ginncensis  yields  & 
purgative  oil,  which  is  used  also  for  lamps.  Lansium,  a  genus  of  the  Enst- 
Indian  archipelago,  yields  an  edible  fruit  called  Langsat  or  Lanseh  and 
Ayer-Ayer. 
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Order  XXXIX.  AUR  ANTT  ACEiE .    The  Orange  Order. 
Class.  Hesperides,  Endl.   All.  Rutales,  Lindl. 

396.  Diagnosis. — Trees  or  struts  with  smooth,  glandular  alternate 
leaves,  the 'blade  jointed  to  the  petiole;  flowers  regular,  hermaphrodite, 
3-5-merous ;  petals  and  stamens  inserted  on  an  hypogynous  disk ;  stamens 
with  flat  filaments,  distinct  or  coherent  into  one  or  several  parcels ;  ovaiy 
many-celled,  style  single,  terminal ;  fruit  pulpy,  often  with  a  glandular 
leathery  rind ;  seeds  without  albumen ;  embryo  with  thick  fleshy  cotyle- 
dons and  a  short  radicle  next  the  hilum. 

Illustrative  Geneba. 


Cookia,  Sonner. 
Feronia,  Corr. 


Mgle,  Corr. 
Citrus,  L. 


Triphasia,  Lour. 
Rissoa,  Am. 
Bergera,  Keen. 

Affinities.  — The  plants  of  this  Order  are  by  Bentham  and  Hooker  classed 
as  a  tribe  of  Rutacece,  and  are  nearly  related  to  the  Meliaceas  in  the  struc- 
ture of  the  flowers,  and  still  more  closely  to  Amyridaceae.  In  general 
they  are  distinguishable  by  the  dotted  leaves,  with  the  blade  (simple  or 
compoimd)  articulated  to  the  petiole,  the  deciduous  imbiicated  petals, 
and  the  succulent  fruit.  The  relation  to  Rutacese  is  rendered  clearer  by 
occasional  monstrosities  of  the  fruit,  from  which  some  of  the  carpels  grow 
out  like  horns.  Sometimes  a  second  circle  of  carpels  is  produced,  forming, 
as  it  were,  a  double  concentric  fruit,  comparable  in  some  measure  to  the 
conditions  in  the  Pomegranate,  where,  however,  the  whole  fruit  is  en- 
closed in  the  excavated  receptacle.  The  seeds  of  Oranges  often  contain 
two  embryos ;  and  they  are  remarkable  for  the  development  of  ramified 
collections  of  spiral  vessels  at  the  chalazal  end,  within  the  testa,  also  for 
a  peculiar  coloration  of  the  inner  coat  of  the  seed  in  this  situation. 

Distribution. — Chiefly  East-Indian  plants,  but  diffused  by  cultivation 
throughout  the  tropics,  and  even  in  the  warmer  temperate  regions. 

Qualities  and  Uses. — The  most  remarkable  parts  of  these  plants  are 
their  fruits;  those  of  the  genus  Citrus  being  among  the  most  valuable  and 
best-known  of  imported  fruits.  The  species  of  Citrus  are  not  clearly  de- 
fined, much  difference  of  opinion  existing  as  to  the  specific  distinctness  of 
certain  forms,  which,  as  in  most  cultivated  plants,  are  much  confused. 
C.  Aurantium  is  the  common  Sweet  Orange ;  C.  Bigaradia  or  C.  vulgaris,, 
the  bitter  or  Seville  Orange,  seems  to  be  known  only  in  cultivation,  and 
is  supposed  by  some  to  be  a  variety  of  the  preceding.  C.  Bergamia  is  the 
Mellarosa  or  Bergamot  Orange,  which  is  also  regarded  as  a  variety  of  C. 
Limetta,  the  cultivated  Sweet  Lime ;  C.  acida  is  the  East-Indian  Lime ; 
C.  Limonium  is  the  ordinary  Lemon ;  C.  Lumia  is  the  Sweet  Lemon,  cul- 
tivated in  the  South  of  Europe ;  C.  medico,  is  the  Citron ;  C.  decumana  is 
the  Shaddock ;  C.  Parodist  the  Forbidden-fruit ;  C.  Pompelmos  the  Poni- 
pelmoose ;  and  C.  japonica  the  Kiunquat.  All  these  fruits  have  an 
abundant  pulp,  which  varies  chiefly  in  the  degree  of  acidity  and  the 
peculiar  aroma ;  that  of  C.  Bigaradia  is  also  bitter.  The  rind  of  all  is 
fragrant,  from  the  presence  of  imbedded  glands  containing  essential  oil  of 
aromatic  and  bitter  character;  the  flowers  partake  of  the  aromatic  quality. 
The  oil  of  Neroli  is  obtained  from  the  flower  of  C.  Bigaradia ;  hut  the  oii 
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of  the  rind  is  also  used  for  making  Orange-flower  water.  Oil  of  Berga- 
mot  is  from  the  flower  and  rind  of  the  fruit  of  C.  Bergamia ;  htiile  de  Ce- 
drat  from  C.  medico, ;  the  essential  oil  of  the  Lemon-rind  is  also  largely 
used.  The  rinds  are  also  valued  for  their  bitter  and  aromatic  properties 
when  dried  or  preserved  with  sugar.  The  dry  rinds  of  Orange,  Lemon, 
&c.  are  used  as  stomachics  in  medicine,  in  infusions  and  tinctures ;  and 
are  also  employed  in  the  preparation  of  liqueurs  and  cordials,  such  as 
Curacoa  &c. ;  the  fruit,  rind,  and  pulp,  when  preserved  with  sugar,  form 
"  marmalade,"  the  best  being  made  from  the  Seville  Orange.  The  acidity 
of  the  Lime  and  Lemon  depends  chiefly  on  the  presence  of  citric  acid,  and 
renders  them  very  valuable  as  antiscorbutic  agents.  JEglc  Marmelos  has 
a  delicious  fruit,  which,  however,  is  laxative.  The  rind  is  used  as  a  ver- 
mifuge. Cookia  punctata  yields  the  Wampee,  highly  valued  in  China  and 
the  East-Indian  archipelago  ;  and  the  fruits  of  other  plants  of  the  Order 
are  eaten.  The  wood  of  all  the  trees  is  hard  and  compact ;  the  foliage 
shares  the  fragrant  character  of  the  fruits,  containing  abundance  of  glands 
filled  with  aromatic,  bitter  essential  oils.  The  Orange,  Lemon,  and  their 
varieties  are  largely  cultivated  in  the  South  of  Europe  in  the  open  air ; 
and  in  our  conservatories  they  are  everywhere  prized,  both  on  account  of 
their  striking  appearance  when  in  fruit  and  the  delicious  perfume  of  the 
flowers.  Orange-  and  Lemon-  trees  are  wonderfully  prolific  of  fruit ;  and 
the  plants  retain  their  vitality  with  great  obstinacy  when  taken  from  the 
ground  and  transported  to  a  distance,  and  when  they  are  multiplied  by 


cuttings. 


Order  XL.  LINACEiE.    The  Flax  Order. 

Class.  Gruinales,  Endl.    ^4^.  .Geraniales,  Lindl.    Coh.  Geraniales, 

Benth.  et  Hook. 

397.  Diagnosis. — Herbs,  or  sometimes  shrubs,  without  stipules ;  with  re- 
gular symmetrical  hermaphrodite  flowers,  4-5-merous  throughout ;  calyx 
imbricated;  petals  convolute  in  ajstivation;  stamens  5,  coherent  at  the 
base,  often  with  intervening  sterile  stamens ;  ovary  compound,  of  about 
as  many  carpels  as  there  are  sepals;  styles  distinct;  capsule  many-celled, 
each  cell  divided  more  or  less  perfectly  into  two  by  a  false  septum  from 
the  dorsal  suture,  each  compartment  with  one  seed,  having  a  straight  oily 
embryo  and  with,  or  rarely  without,  albumen. 

Illustrative  Genera. 
Linum,  L.     \     Kadiola,  Dillen. 

Affinities  Most  nearly  related  to  Oxalidacere,  but  likewise  connected 

with  Carvophyllaceas,  Malvaceaj,  and  Geraniaceae  by  the  general  structure 
of  the  flowers,  the  coherent  stamens,  &c. ;  but  the  simple  entire  leaves  and 
the  peculiar  structure  of  the  capsule  are  very  distinctive  marks.  From 
Malpighiaceaj  they  differ  in  their  glandless  calyx. 

Distribution. — A  small  Order,  generally  diffused,  but  most  abundantly 
so  in  Europe  and  North  Africa.  . 

Qualities  and  Uses.— Linmn  cathariicum,  a  native  weed,  has  active 
purgative  properties;  but  the  most  important  plant  of  the  Order  isi. 
usitalissimum,  the  liber-fibres  of  which  constitute  Flax,  while  the  seeds, 
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known  as  Linseed,  yield  a  most  valuable  drying-oil,  and  then-  cake  forms 
an  excellent  material  for  fattening  cattle.  The  flowers  of  many  species  ot 
Linum  are  very  showy  (blue,  yellow,  pink,  Sea.),  but  are  mostly  fugacious. 


Order  XLI.  OXALIDACEvE.  Wood-Sorrels. 

Class.  Gruinales,  Midi.    All.  Geraniales,  Lindl. 

398.  Diagnosis—  Herbs,  or  rarely  shrubs  or  trees,  with  an  acid  juice  ; 
mostly  compound  leaves  ;  regular,  symmetrical,  hermaphrodite,  5-merous 
flowers;  calyx  imbricated,  and  petals  convolute  in  aestivation;  stamens 
10,  somewhat  monadelphous ;  styles  5,  separate ;  capsule  5-celled,  several- 
seeded  ;  seeds  albuminous ;  embryo  straight  or  curved. 

Illustrative  Genera. 
Oxalis,  L.  Averrhoa,  L. 

Affinities. — Nearly  related  to  Geraniaceaj,  with  which  Bentham  and 
Hooker  unite  them.  From  Linaceaa  they  may  generally  be  distinguished 
by  their  compound  leaves  and  albuminous  seeds;  but  the  septa  or  the 
capsules  of  that  Order  afford  the  most  constant  distinction.  The  seeds  of 
Oxalis  have  an  elastic  fleshy  coat,  which  opens  with  elasticity  and  expels 
the  seed  when  ripe.  Some  regard  this  as  an  aril,  others  as  a  development 
of  the  testa.  The  leaves  of  many  kinds  are  sensitive,  especially  Oxalis 
sensitiva  and  Averrhoa  Bilimbi ;  but  others  possess  the  quality  in  lower 
degree.    O.  bupleurifolia  and  some  other  species  have  phyllodes  (§  71). 

Distribution. — A  rather  large  Order,  the  members  of  which  are  gene- 
rally diffused  in  temperate  and  hot  climates  ;  most  abundant  in  America 
and  at  the  Cape  of  Good  Hope.   The  shrubby  kinds  belong  to  hot  climates. 

Qualities  and  Uses. — The  most  marked  property  of  Oxalis  is  the  acid 
juice,  depending  on  the  presence  of  oxalic  acid.  0.  Acetosella,  Wood- 
sorrel,  abounds  in  our  woods.  Averrhoa  Bilimbi,  the  Blimbing,  A.  Ca- 
rambola,  the  Carambole  of  the  East  Indies,  have  acid  fruits,  which  are 
eaten  by  the  natives,  but  used  chiefly  as  pickles  by  Europeans.  Some 
species  of  Oxalis  have  tubers  furnishing  wholesome  food.  O.  crenata 
(Arracacha)  is  used  like  potatoes  in  Columbia;  0.  Deppei  has  roots  as 
large  as  small  parsnips.  The  tubers  of  O.  anthelmintica,  the  Mitcha- 
mitcho  of  Abyssinia,  are  said  to  be  valuable  as  an  anthelmintic.  Many 
kinds  are  cultivated  on  accoimt  of  the  beauty  of  their  flowers. 


Order  XLII.  GERANI ACE/E .  Crane's-bills. 

Class.  Gruinales,  Endl.    All.  Geraniales,  Lindl.    Coh.  Geraniales, 
Benth.  et  Hook. 

399.  Diagnosis. — Herbs  or  shrubs,  with  articulated  swollen  stem- 
joints  ;  opposite  or  alternate  leaves,  and  membranous  stipules  ;  regular 
or  irregular,  symmetrical,  hermaphrodite,  5-morous  flowers;  sepals 
imbricated  and  petals  convolute  in  aestivation  ;  stamens  mostly  10,  co- 
herent at  the  base,  tho  alternate  ones  shorter  and  sometimes  barren; 
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carpels  5,  adherent  to  a  central  prolonged  axis  (carpophore),  from 
which  they  separate  when  ripe  by  the  elastic  curling-back  of  the 
segments  of  the  style,  carrying  away  the  1-seeded  dehiscent  cocci. 

Character. 

Calyx :  sepals  5,  ribbed,  persistent,  more  or  less  unequal,  imbricated 
in  the  bud. 

Corolla :  petals  5,  or  rarely  4  (by  abortion),  clawed, 
equal  or  unequal,  twisted  in  aestivation,  sometimes 
perigynous. 

Stamens-  mostly  monadelphous,  hypogynous,  10  or  15, 
some  occasionally  abortive. 

Ovary,  of  5  carpels  cohering  with  their  long  styles  to 
an  elongated  column  from  the  apex  of  the  recep- 
tacle, each  1 -celled,  2-ovuled;  stigmas  distinct. 

Fruit  composed,  of  5  1-seeded  carpels,  which  sepa- 
rate below  from  the  central  carpophore  (fig.  355), 
their  persistent  styles  curling  up  and  remaining 
attached  at  the  summit ;  each  carpel  bursting  in- 
ternally to  discharge  its  seed  ;  seed  exalbuminous,  Fruit  of  Geranium , 
with  a  convoluted  embryo.  dewlft  ™rpela 

Illustrative  Genera. 


Erodium,  Herit. 
Gerauium,  Herit. 


Monsonia,  L. 
Pelargonium,  Herit. 


Affinities.— Many  points  of  affinity  exist  with  Oxalidaceae,  Linacese,  and 
Balsaminaceas,  likewise  with  Tropseolacese,  and,  less  important  ones  with 
Zygophyllaceae.  The  arrangement  of  the  carpels  round  a  column,  the 
palmate  leaves  of  some  kinds,  the  monadelphous  stamens,  and  the  con- 
voluted embryo  cause  a  good  deal  of  resemblance  to  some  of  the  Mal- 
vaceae. The  peculiar  fruit,  the  stipules,  the  swollen  joints  of  the  stem, 
and  the  convoluted  embryo  separate  this  Order  from  the  nearest  allies ; 
from  Malvaceae  it  may  be  distinguished  at  once  by  the  imbricated  aesti- 
vation of  the  calyx.  Pelargonium  is  remarkable  for  a  spur  or  pouch  ex- 
tending from  the  base  of  the  calyx  and  adherent  to  the  peduncle.  Most 
of  the  plants  have  aromatic  oil  contained  in  glandular  hairs,  giving  a 
musky  or  other  strong  odour. 

Distribution. — The  species  are  numerous.  Geranium  and  Erodium 
belong  chiefly  to  the  temperate  parts  of  the  Northern  Hemisphere. 
Pelargonium  abounds  at  the  Cape  of  Good  Hope,  and  occurs  in  Australia. 
One  species  is  found  in  Asia  Minor. 

Qualities  and  Uses. — Astringent  and  aromatic  properties  are  general. 
The  common  weed  G.  Robert  in  mini,  had  a  reputation  formerly,  and  the 
G.  maculatum,  or  Alum-root  of  North  America,  is  a  powerful  astringent, 
containing  a  large  amount  of  tannin.  The  species  of  Erodium  which 
emit  a  musky  odour  are  said  to  have  similar  properties.  Some  have 
tuberous  roots  ;  -that  of  Pelargonium  triste  is  eateu  at  the  Cape  of  Good 
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Hope.  The  species  of  Pelargonium  are  remarkable  for  the  beauty  of  then- 
flowers,  which  are  more  or  less  irregular  and  spurred,  and  have  great  sus- 
ceptibility of  improvement  by  culture,  and  a  tendency  to  run  into  varieties, 
rendering  them  established  "  florist's  flowers."  Many  of  them  have  zones 
or  belts  of  colour  in  the  leaves.  The  species  of  Geranium  proper  have 
regular  flowers  without  spurs. 


Order  XLIII.  BALSAMINACEiE.  Balsams. 
Class.  Gruinales,  Endl.    All.  Geraniales,  Lindl. 

400.  Diagnosis. — Annual  plants  with  succulent  stems,  full  of  bland 
watery  sap  ;  flowers  hermaphrodite,  very  irregular ;  stamens  5,  somewhat 
united ;  the  fruit  mostly  bursting  elastically  when  ripe.  Embryo  straight, 
exalbuminous. 

Illustrative  Genera. 
Impatiens,  L.     |     Hydrocera,  Blum. 

Affinities,  &c.  — This  Order  is  nearly  related  to  Geraniacese,  and  is  included 
in  that  family  by  Bentham  and  Hooker,  but  may  be  distinguished  by  the 
want  of  the  peculiar  carpophore  of  that  Family,  and  by  the  much  greater 
irregularity  of  the  flower;  the  irregular  flower  also  separates  it  from 
Oxalidacete  and  other  allied  Orders.  This  irregular  flower  does  not  really 
depart  widely  from  a  symmetrical  condition  :  it  is  completely  5-merous, 
except  in  the  suppression  in  Impatiens  of  the  petal  opposite  the  bract 
(which  is  developed  in  Hydrocera) ;  the  two  small  lateral  sepals,  the  spur, 
and  the  double  segment  on  the  opposite  side  to  the  spur  form  an  imbri- 
cated calyx  of  five  parts;  the  odd  petal  opposite  the  two  confluent  sepals 
is  suppiessed,  and  the  others  are  generally  combined  into  two  2-lobed 
bodies,  but  are  sometimes  free  ;  in  single  flowers  the  stamens  alternate  with 
these  ;  in  double  cultivated  flowers  a  second  corolline  circle  of  live  petals 
sometimes  appears  in  the  place  of  the  stamens,  and  the  stamens  alternate 
again  with  these.  The  structure  of  the  ovary  and  its  mode  of  dehiscence 
are  also  deserving  of  notice.  The  name  of  the  genus  Impatiens  is  derived 
from  the  elasticity  with  which  the  capsule  bursts  when  touched  after  the 
seeds  are  ripe.  The  species  are  rather  numerous.  A  few  are  scattered 
over  the  globe ;  but  the  majority  are  East-Indian.  Their  properties  are 
unimportant.  I.  Balsamina  is  a  valued  tender  annual  plant ;  I.  Noli-me- 
tangere  grows  in  the  north  of  England  ;  and  I.  fulva  (North  America)  is 
naturalized  in  some  places  in  Southern  England. 

(VrvTANACEjE  are  a  small  Order  of  South-American  herbs  or  half- 
shrubby  plants,  related  to  Geraniacese,  but  having  a  valvate  calyx  and 
albuminous  seeds.    Properties  unknown.) 


Order  XLIV.  TROPiEOLACEiE.  Garden-Nasturtiums. 

Class.  Gruinales,  Endl.    All.  Malvales,  Lindl. 

401.  Diagnosis—  Smooth  trailing  or  climbing  herbs  with  a  pungent  juice  • 
leaves  alternate,  exstipulate;  flowers  axillary,  irregular,  perfect;  sepals 
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3-5,  the  upper  one  spurrocl ;  petals  1-5 ;  stamens  G-10,  perigynous,  dis- 
tinct ;  ovnry  superior,  of  3  or  5  carpels ;  style  single ;  stigmas  3-5 ; 
ovules  pendulous,  1  in  each  carpel ;  fruit  dry ;  carpels  separating  as  in- 
dehiscent  achenes  from  a  central  axis  ;  seeds  large,  exalbuminous. 

Illustrative  Genera. 
Tropreolum,  L.     |     Chymocarpus,  Don. 

Affinities,  &c — A  small  Order  of  plants,  natives  of  the  temperate  parts 
of  South  America,  related  to  Malvaceae  and  Geraniaceae,  and  included  in 
the  latter  Family  by  Bentham  and  Hooker.  The  genus  Tropceolum  con- 
tains the  garden  Nasturtiums,  or  Indian  Cresses,  notable  for  their  pun- 
gent juice,  somewhat  like  that  of  CruciferEe.  Various  species  have  a 
tuberous  root ;  that  of  T.  tuberosum  is  eaten  in  Peru.  The  spur  of  the 
calyx  of  Tropceolum  is  curious,  resembling  that  of  Pelargonium,  but  is 
free  from  the  peduncle.  In  some  cases  it  would  seem  to  be  a  tubular 
process  from  the  receptacle.  The  flowers  are  mostly  showy  and  of  great 
variety  of  colour.  The  Canary  Creeper,  T.  peregrinum  or  advncvm,  may 
be  noticed  for  the  power  of  the  full-grown  plant  to  obtain  its  nourishment 
apparently  almost  entirely  from  the  atmosphere,  and  for  its  climbing  by 
twining  its  petioles,  like  Clematis. 

(LrMNANTHACEiE.  a  small  Order  of  North-American  plants,  are  chiefly 
distinguished  from  Tropasolacese,  with  which  they  are  associated  in  the 
family  Gercmiacece  by  Bentham  and  Hooker,  by  their  regular  flowers, 
erect  ovules,  and  the  adherence  of  the  stamens  to  the  calyx.  Their 
properties  are  analogous.  Limnanthes  (California)  has  showy  flowers. 
Fl&rkia  (United  States)  is  a  mere  weed.) 


Order  XLV.  ZYGOPHYLLACEiE.  Bean-Capers. 


Class.  Terebinthina?,  Endl.    All.  Rutales,  Zindl.    Colt.  Geraniales, 

Hook,  et  Benth. 

402.  Diagnosis.— Herbs,  shrubs,  or  trees  with  opposite  stipulate,  mostly 
imparipinnate,  not  dotted  leaves ;  calyx  and  corolla  4-5-merous,  im- 
bricated in  aestivation;  stamens  twice  as  many, hypogynous,  each  usually 
at  the  back  of  a  scale  ;  ovary  simple,  surrounded  by  glands  or  a  toothed 
disk,  more  or  less  deeply  4-5-lobed,  4-5-celled;  fruit  capsular ;  dehiscence 
valvular  or  into  cocci ;  few-seeded ;  albumen  sparing  or  none. 


Tribulus,  Tournef. 
Peganum,  L. 
Fagonia,  Tournef. 


Illustrative  Geneha. 

Zygophvllum,  L. 
Larrea,  Cav. 
Guaiacum,  Plum. 


Melianthus,  L.  (?) 


Afflnities.-This  Order  is  very  closely  allied  to  Rutacese  (but  difler.s  m 
habit,  the  scaly  stamens,  and  dotless  leaves)  through  JV//«»i//*.;  w hu-h  i> 
placed  here  chiefly  on  account  of  its  stipulate,  not  dotted,  opposite  leaves. 
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With  Simnrubacere  it  agrees  in  the  attachment  of  the  stamens  at  the  back 
of  a  scale,  but  differs  in  the  short  styles.  Melianthus  is  an  anomalous  genus 
which  by  some  authors  is  taken  as  the  type  of  a  distinct  Order  supposed 
to  have  its  nearest  relations  in  Geraniaceae  and  Sapmdaceae.  They  are 
closely  related  to  Malpighiaceae,  but  differ  in  their  glandless  calyces, 
scaly  stamens,  &c. 

Distribution.— The  species  are  not  very  numerous,  and  are  chiefly  round 
in  the  worm  temperate  regions  of  the  globe.  Zygophyllum  and  Tnbulus 
are  especially  characteristic  of  dry  regions  of  Egypt,  Arabia,  and  Scinde. 

Qualities  and  Uses— The  so-called  gum-resin,  Guaiacum,  is  derived  from 
Guaiacum  officinale,  the  bark  and  wood  of  which  are  also  employed  as 
diaphoretic  and  sudorific  agents  ;  G.  sanctum  has  similar  properties.  The 
leaves  of  these  and  of  PorUera  are  used  in  place  of  soap  for  scouring 
in  the  West  Indies.  The  remarkably  hard  wood  called  Lignum  Vitse  is 
derived  from  Guaiacum  officinale  or  some  other  species  ;  all  the  arborescent 
plants  of  this  Order  have  extremely  hard  wood.  The  flowers  of  Zygo- 
phyllum Fabago  are  used  in  the  East  for  pickles,  under  the  name  of  Bean- 
capers.  The  seeds  of  Peganum  Harmala  are  used  as  spice  in  Turkey,  and 
also  in  the  production  of  the  celebrated  Turkey-red  dye  for  cotton.  Larrea 
mexicana  is  known  by  the  name  of  the  Creasote-piant.  Zygophyllum 
simplex  has  a  very  bad  odour. 


Order  XL VI.  RUTACEiE.    The  Rue  Order. 


Class.  Terebinthinae,  Fndl.    All.  Rutales,  Lindl.    Coh.  Geraniales, 

Benth.  et  Hook. 

403.  Diagnosis. — Herbs  or  trees  with  simple  or  compound  exstipulate 
leaves,  dotted  with  transparent  glands  containing  aromatic  or  acrid  oil ; 
flowers  regular,  3— 5-merous  ;  the  stamens  equal  to  or  twice  as  many  as  the 
sepals ;  the  2-5  pistils  separate  or  combined  into  a  compound  ovary  with 
as  many  cells,  sessile  or  raised  on  a  prolongation  of  the  receptacle  (gyno- 
phore)  or  glandular  disk  ;  style  simple,  or  divided  below ;  fruit  with  the 
carpels  either  coherent  or  separating  and  bursting  by  one  or  both  sutures ; 
seeds  in  pairs  or  solitary ;  albumen  present  or  absent,  radicle  superior. 


Illustrative  Genera. 


Galipea,  Auhl. 
Ticorea,  Auhl. 
Esenbeckia,  H.,  B.,  K. 
Boronia,  Smith. 


Eriostemon,  Smith. 
Correa,  Smith. 
Diosnia,  L. 


Barosma,  Willd. 
Dictamnus,  L. 
Ruta,  Tournef. 


Affinities,  &c. — This  large  Order  is  sometimes  divided  into  two,  Rutacea3 
and  DiosmeDe,  the  latter  including  the  greater  part  of  the  genera ;  but  the 
distinctions  seem  insufficient — the  Boroniece,  which  have  the  separable 
endocarp  supposed  to  be  characteristic  of  Diosmece,  having  albuminous 
seeds  like  Butece.  The  Order  is  connected  with  Zygophyllaceaj  by  Pega- 
num ;  it  is  related  also  to  Xanthoxylaeese,  which  are  perhaps  merely  poly- 
gamous Rutaceae.  There  is  also  an  affinity  with  Aurantiacere  (which  differ, 
however,  in  the  fruit),  and  with  Anacardiacea3.    Correa,  with  its  mono- 
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petalous  corolla,  seems  to  approach  Ericaceae,  to  which  the  Boroniea 
have  much  resemblance  in  habit.  From  Simarubaceae  and  Terebinthacese 
Butals  differ  in  their  glandular  leaves  and  in  the  nature  of  the  fruit. 

Distribution. — Iiuta  and  its  allies  are  found  chiefly  in  Europe  and 
North  Asia;  Dwsma,  Barotma,  Sec.  at  the  Cape  of  Good  Hope;  Boronia, 
JEriostemon,  Sec.  in  Australia ;  and  Galipea,  Esenbechia,  and  their  related 
genera  in  Equinoctial  America. 

Qualities  and  Uses. — Generally  remarkable  for  a  strong  aromatic  or  foetid 
odour,  and  possessing  antispasmodic  and  tonic  properties.  Ansrostura 
bark  is  derived  from  Galinea  officinalis,  and  apparently  from  G.  Cmparia 
( Bonvlandia  trifoliata) ;  Melambo  bark  probably  from  some  allied  plant. 
The  bark  of  EsenbecJria  febrifuga  is  used  in  place  of  Cinchona  in  Brazil ; 
and  that  of  Ticorea  febrifvga  is  another  of  the  "  Quinas  "  of  Brazil.  The 
Bucku  plants  of  South  Africa  are  species  of  Barosma,  Diosma,  and  their 
allies ;  their  foliage,  which  is  extremely  glandular,  has  a  very  strong 
odour;  and  D.  crenata,  serratifolia,  and  others  are  used  as  antispasmodic 
and  diuretic  agents.  The  leaves  and  unripe  fruits  of  Bue  (Buta  graveo- 
lens)  are  antispasmodic,  and  are  also  said  to  be  emmenao-ogue  and  anthel- 
mintic :  B.  montana  is  acrid ;  and  its  juice  is  described  as  vesicating  the 
skin,  and  even  producing  erysipelas  and  ulceration.  The  leaves  of  Correct 
alba  and  other  species  are  used  bv  the  settlers  in  Australia  for  Tea.  Many  of 
the  Butaceae  are  favourite  green  house  plants,  such  as  Boronia,  Eriostemon, 
&c.  Dictamnus  Fraxinella,  a  South-European  plant,  common  in  our  gar- 
dens, is  very  glandular,  and  it  is  said  that  the  volatile  oil  renders  the  atmo- 
sphere about  the  plant  inflammable  in  very  hot  weather.  This  account 
requires  confirmation.  These  glandular  plants  are  of  course  very  inflam- 
mable in  themselves. 


Order  XLVII.  XANTHOXYLACEiE.  The  Prickly-Ash 

Order. 

Class.  Terebinthinse,  Endl.    All.  Butales,  Lindl.    Coh.  Geraniales, 

Benth.  et  Hook. 

404.  Diagnosis. — Trees  or  shrubs  with  alternate  or  opposite,  simple  or 
compound,  dotted  leaves,  and  flowers  resembling  those  of  Butaceae  in 
almost  every  respect  except  that  they  are  constantly  polygamous,  and 
sometimes  have  succulent  fruit ;  seeds  albuminous. 

Illustrative  Genera. 
Xanthoxylon,  Xunth.     |     Btelea,  L. 

Affinities  The  Xanthoxvlaceae  are  united  by  some  authors  with  the 

Butaceaa ;  their  more  remote  relations  are  with  Aurantiacerr  and  Ana- 
car  di  ace  B3,  which,  however,  not  only  differ  in  their  fruits,  but  their  seeds 
have  no  albumen.  There  is  a  considerable  affinity  to  the  Euphorbiacea? 
and  to  Fraxinus  among  the  Oleaceae,  Ptelea  having  even  a  samaroid  fruit 

Distribution.— The  species  are  not  very  numerous,  and  are  generally 
distributed,  but  are  most  abundant  in  America. 

Qualities  and  Uses.— Fungent  and  aromatic.    Xanthoxylon ,  a  genus  re- 
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presented  in  North  and  South  America,  as  well  as  in  India,  China,  &c., 
eminently  possesses  these  characters,  its  species  being  commonly  called 
Peppers  in  their  native  countries.  X.  Clava  and  fraxmeum  (North  Ame- 
rica) are  powerful  diaphoretics  and  sudorifics;  X.mtidum  (China)  has 
a  similar  reputation;  X.  hyemale  (Brazil),  X.  piperitttm  (China),  &c.  are 
analogous.  The  unripe  capsules  of  X.  Rhetsa  are  aromatic,  resembling 
orange-peel.  The  fruit  of  Ptelea  has  a  strong  aromatic  bitter  taste,  and 
has  been  used  as  a  substitute  for  hops. 


Order  XLVIII.  SIMARUBACE,E.    The  Quassia  Order. 

Class.  Terebinthina?,  Endl,    AM.  Rutales,  Lindl.    Coh.  Geraniales, 
Benth.  et  Hook. 

405.  Diagnosis. — Trees  or  shrubs  with  alternate  exstipulate  leaves,  with- 
out dots,  usually  compound ;  calyx  and  corolla  4-5-merous ;  stamens  8-10, 
each  on  the  back  of  a  scale ;  anthers  bursting  longitudinally ;  ovary  stipi- 
tate,  4-5-lobed ;  fruit  of  4-5  indehiscent  drupes  round  a  common  recep- 
tacle, or  capsular  or  samaroid,  with  1  pendulous  exalbuminous  seed  in 
each  compartment. 

Illustrative  Geneba. 


Quassia,  L. 
Simaba,  Aubl. 


Simaruba,  Aubl. 
Ailanthus,  Desf. 


Picrasma,  Blume. 
Brucea,  Miller. 


Affinities. — Belonging  to  the  Rutaceous  group,  these  plants  are  most 
closely  allied  to  the  Zygopk-yllaeeffi  by  the  stamens  and  dotless  leaves,  to 
the  Ochnacese  by  the  deeply  lobed  ovary, — differing  from  the  former  in 
the  structure  of  the  fruit  and  the  number  of  seeds  in  a  cell,  from  the 
latter  by  the  absence  of  a  large  disk  and  the  dehiscence  of  the  stamens. 

Distribution. — A  small  Order,  the  members  of  which  inhabit  South 
America,  Africa,  the  East  Indies,  and  the  Malay  archipelago.  Cneorum 
occurs  in  the  Mediterranean  district. 

Qviaiities  and  Uses. — The  most  striking  property  is  great  bitterness, 
whence  they  are  used  as  tonics.  Quassia  or  Bitter- wood,  used  as  a  tonic, 
as  a  fly-poison,  and  as  a  substitute  for  hops  in  beer,  is  derived  from  this 
family.  Quassia  amara  (Surinam)  is  stated  to  be  the  true  plant;  but 
Picrasma,  or  Picrama  excelsa  yields  the  wood  usually  imported.  The 
bark  of  the  root  of  Simaruba  amara  is  used  in  the  same  manner.  Brucea 
antidysenterica  has  similar  qualities,  and  was  formerly  mistakenly  supposed 
to  be  the  source  of  false  Angostura  bark.  Simaba  Cedron  has  a  reputation 
for  curing  snake-bites ;  but  recent  experiments  throw  doubt  on  this.  Ai- 
lanthcs  f/landidosa,  the  "  tree  of  heaven,"  is  commonly  grown  for  ornament 
in  this  country ;  its  leaves  afford  nutriment  to  a  species  of  silkworm. 

(OciTNACEiE  are  scarcely  separable  from  Simarubaceae ;  but  the  ovary  is 
composed  of  carpels  seated  on  a  large  fleshy  disk  instead  of  upon  a  stipe,  the 
elongated  anthers  often  open  by  pores,  and  the  simple  leaves  are  without 
stipules.  The  thick  gynophore  of  this  Order  affords  a  close  connexion 
between  Putacere  and  Geraniacese.  The  properties  are  similar  to  those 
of  Simarubaceae.) 
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(CoRiAniEiE  is  the  name  applied  to  a  small  group  of  plants  belonging 
to  one  genus,  C&riaria,  of  obscure  affinities,  placed  in  this  neighbourhood 
by  Lindlev,  but  differing  from  most  of  the  Rutales  in  their  pendulous 
ovules  with  dorsal  raphe.  In  some  respects  they  approach  Phytolacca. 
These  plants  have  dangerous  properties.  Of  C.  myrtifoUa  the  leaves, 
which  are  sometimes  used  to  adulterate  Senna,  are  said  to  produce  teta- 
nus ;  I  he  berries  are  poisonous.  The  fruits  of  other  species  are  said  to  be 
edible,  but  the  seeds  poisonous.  C.  myrtifoUa  and  ruscifoKa  are  used  in 
dyeing,  infusion  of  the  leaves  giving  a  dark  blue  with  sulphate  of  iron.) 


Order  XLIX.  PITTOSPORACE^. 

Class.  Frangulacese,  Endl.    All.  Berberales,  Lindl.    Coh.  Polygalinas, 

Benth.  et  Hook. 

406.  Diagnosis. — Trees  or  shrubs,  often  climbing  plants,  with  alternate 
exstipulate  leaves ;  flowers  regular ;  calyx  and  corolla  4-5-merous,  imbri- 
cated, deciduous;  stamens  5,  hypogynous,  alternate  with  the  petals, 
opening  longitudinally  or  by  apical  pores ;  ovary  free ;  cells  or  placentas  2 
or  more ;  style  single  ;  stigmas  equal  to  the  placentas ;  ovules  horizontal 
or  ascending ;  seeds  numerous ;  embryo  minute,  in  fleshy  albumen. 

Illustrative  Geneba. 


Pittosporum,  Soland. 
Cheiranthera,  Cunningh. 


Sollya,  Lindl. 
Billardiera,  Smith. 


Affinities,  &c. — A  small  Order,  placed  by  DeCandolle  between  Polyga- 
laceae  and  Frankeniacese,  by  A.  Richard  near  Rutaceae,  hy  Endlicher  in 
the  neighbourhood  of  Rhamnacese.  Lindley  regards  them  as  near  Vitaceae. 
From  Tremandracese  and  Olacaceae  they  differ  in  their  imbricate  sepals 
and  petals  and  their  numerous  ovules.  In  other  points  they  resemble 
Celastrinefe,  but  they  have  no  disk  and  no  aril.  Decaisne  points  out  an 
affinity  with  some  Ericads,  as  Ledum.  The  plants  are  chiefly  from  Aus- 
tralia; the  berries  of  Billardiera  are  eaten,  having  a  pleasant  acid  flavour; 
but  a  resinous  quality  pervades  the  whole  Order.  Some  of  the  species  are 
cultivated  on  account  of  their  flowers  and  coloured  berries,  as  Sollya,  Bil- 
lardiera, &c. 


Order  L.  VITACE.E.  Vines. 

Class.  Discanthse,  Endl.    All.  Berberales,  Lindl.    Coh.  Celastrales, 

Benth.  et  Hook. 

407.. Diagnosis. — Shrubs  with  a  watery  juice,  usually  climbing  by  ten- 
drils, with  small  regular  flowers,  a  minute  truncated  calyx  with  the  limb 
mostly  obsolete;  stamens  as  many  as  the  valvate  petals,  and  opposite  to 
fchem,  springing  from  a  disk  surrounding  the  ovary.  Fruit  succulent ; 
seeds  bony ;  albumen  hard. 


thalamiplorj:. 
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Illustkative  Genera. 

Cissus,  L.  Pterisantb.es,  Blum. 

Vitis,  L.  Leea,  L. 

Affinities.  —The  relations  of  this  Order  are  somewhat  complex :  a  portion 
of  the  plants  are  related  to  Meliacese,  Celastrinese,  and  Rhamnacese  ;  but 
the  nearest  connexion  would  appear  to  he  to  the  epigynous  Order  Arah- 
acese,  especially  through  the  Ivy,  Hedera.  The  characters  of  the  group, 
however,  are  very  distinct,  in  the  hypogynous  stamens  opposite  the 
petals,  and  the  climbing  habit.  The  tendrils  by  which  the  stems  climb 
are  flower-branches,  often  exhibiting  a  few  nodules  representing  abortive 
tiowers ;  in  some  cultivated  Vines  the  seeds  are  constantly  suppressed,  while 
the  fruit  is  perfected,  as  in  the  varieties  yielding  the  Sultana  raisins  and 
the  Zante  grape  or  "  Currant."  Pterisanthes,  a  Javan  plant,  has  a  very 
extraordinary  structure  :  its  numerous  barren  and  fertile  tiowers  are  deve- 
loped on  a  very  large  foliaceous  peduncle  having  the  form  of  a  number  of 
divergent  plates  set  edgewise  at  the  end  of  a  long  slender  stalk ;  the  fertile 
flowers  and  berries  are  sessile  on  both  surfaces  of  the  lamina?,  the  edges 
being  fringed  with  stalked  barren  flowers.  The  separation  of  the  petals 
at  their  bases,  remaining  coherent  above  so  as  to  form  little  5-rayed  stars, 
is  worthy  of  notice  in  this  Order.  The  species  of  Ampelopsis,  known  as 
"  Virginia  Creepers,"  exhibit  some  interesting  phenomena,  viz.  the  assump- 
tion of  a  crimson  colour  by  the  foliage  in  autumn,  and  the  adaptation 
of  their  tendrils  to  form  organs  of  attachment  to  walls :  the  points  of  the 
tendrils  insinuate  themselves  into  little  holes  and  cracks,  especially  in 
brickwork,  and  then  expand  inside  the  cavities  so  as  to  fix  themselves  as 
the  stonemasons  fix  their  "  lewis,"  or  key,  into  large  blocks  of  stone. 

Distribution. — The  genus  Vitis,  including  Ampelopsis  and  Cissus,  con- 
tains a  large  number  of  species,  natives  for  the  most  part  of  tropical  and 
subtropical  regions.  The  remaining  genera  have  only  a  very  few  repre- 
sentatives. The  Vine  is  supposed  to  be  a  native  of  the  shores  of  the  Cas- 
pian ;  but  it  has  run  wild  in  South  Europe,  and  is  cultivated  all  over  the 
world  where  the  temperature  is  not  too  low  or  too  high :  in  the  last  case 
it  runs  away  to  leaf  and  does  not  produce  fruit.  The  stems  and  roots  of 
some  of  the  Cissi  of  the  East  Indies  are  infested  by  the  parasitical  Eaffle- 
siacese  and  Balanophoraceae. 

Qualities  and  Uses. — The  properties  of  the  Vine  (  Vitis  viniferd),  with 
its  innumerable  varieties,  are  universally  known ;  the  Fox-grapes  ( Vitis 
vulpina  and  Lnbrusca)  of  North  America  have  similar  properties  when 
cultivated,  but  are  inferior.  The  berries  of  the  C&s«  are  acrid ;  some  yield 
a  colouring-matter.  The  sap  of  the  stems  and  leaves  generally  of  the  Order 
is  sour,  containing  tartaric  acid. 


m  5 
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Subclass  2.  CALYCIFLORiE. 

Flowers  usually  with  a  calyx  and  corolla;  the  petals  distinct, 
springing  from  the  calyx ;  the  stamens  perigynous  or  epigynous. 

The  character  of  this  Subclass,  founded  on  the  insertion  of  the  petals 
and  stamens  upon  the  calyx,  is  very  artificial,  and  it  is  liable  to  exception 
in  certain  genera  of  Orders  referable  here.  On  the  other  hand,  it  is  met 
with  exceptionally  in  Thalamifl oral  Orders;  and  many  cases  occur  where 
the  conditions  are  difficult  to  ascertain.  Moreover  it  causes  the  separation 
of  very  natural  groups  of  Orders,  such  as  the  removal  of  Anacardiacea?, 
which  has  both  hypogynous  and  perigynous  genera,  from  the  Subclass 
which  includes  the  Rutacese,  in  accordance  with  the  structure  of  the 
majority.  Bentham  and  Hooker,  apparently  with  a  view  to  remove  some 
of  these  anomalies,  have  proposed  a  subclass  or  series  which  they  call 
Discifloroe,  the  most  important  character  of  which  consists  in  the  presence 
of  a  large  disk  or  expansion  of  the  receptacle  attached  to  the  calyx  or  to 
the  ovary,  and  from  which  the  petals  and  stamens  spring ;  it  thus  includes 
some  Thalamifloral  and  some  Calycifloral  Orders.  The  separation  of  the 
Perigynous  from  the  Epigynous  Orders  is  rendered  impracticable  by  the 
occurrence  of  the  two  conditions  in  one  Order,  as  in  Rosacea?. 


Order  LI.  CELASTRACEiE.    The  Spindle-tree  Order. 

Class.  Frangulaceaa,  Endl.    All.  Rhamnales,  Lindl.    Coh.  Celastrales, 

Benth.  et  Hook. 

408.  Diagnosis. — Shrubs  with  simple,  mostly  alternate  leaves,  and  with 
small  deciduous  stipules ;  small  regular  flowers,  the  4-5  sepa1^  and  petals 
imbricated  in  aestivation ;  stamens  as  many  as  the  petals  and  alternate 
with  them,  inserted  on  a  disk  filling  up  the  bottom  of  the  calyx ;  seeds 
mostly  arillate,  albuminous. 

Illustrative  Genera. 


Euonymus,  Toumcf. 


Catha,  Forsk. 


Celastrus,  Kunth.  Elaeodendron,  Jacq. 

Affinities.— Related  to  Rhamnaceaa,  differing  in  the  imbricated  calyx 
and  the  stamens  alternating  with  the  petals.  Aquifoliacea?,  a  mono- 
petalous  Order,  is  very  nearlv  allied ;  but  the  Celastracea?  appear  to  have 
closer  relations  with  some  'Thalamifloral  Orders,  such  as  Malpighiacere 
throuo-h  Hippocrateacere.  The  fleshy  coat  of  the  seed  of  Euonymua  la 
described  by  Planchon  as  an  arillodc  or  false  anllus,  arising  from  the 
margin  of  the  micropyle.  . 

Distribution .  — A  large  Order,  the  species  of  which  are  generally  diffused, 
but  moru  abundant  outside  the  tropics. 

Qualities  and  Uses.— More  or  less  acrid,  with  oily  seeds.  Euonymus 
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europam,  the  common  Spindle-tree  of  our  hedges,  is  used  for  gunpowder- 
charcoal.  The  inner  hark  of  K  tingens  is  used  m  dyeing;  the  seeds  of 
E.  europaw  are  said  to  be  purgative  and  emetic.  The  bark  of  Celastrus 
scandens  has  the  same  properties.  Catha  edulis  has  stimulant  properties, 
and  the  leaves  are  largely  used  by  the  Arabs  under  the  name  of  Kai.  Ine 
drupaceous  fruits  of  Ekeodendron  Kubu  are  eaten  at  the  Oape  ot  Lroou 
Hope. 

(STAOKHOUSiACEiE  are  a  small  Order  of  Australian  plants  intermediate 
between  CelastraceEe  and  Euphorbiaceae ;  their  corolla  is  monopetalous. 

Hippocrateace^,  which  have  hypogynous  petals  and  more  or  less 
epio-ynous  stamens,  are  most  nearly  related  to  Oelastracese  (with  which, 
indeed,  they  are  coinbinedby  Benthain  and  Hooker),  connecting  them  with 
Malpighiacese,  Aceracese,  and  through  Staphylea  with  Sapindacese  &c. 
They  are  chiefly  South-American  trees  or  climbing  shrubs,  some  with 
edible  fruit. 

Chailletiaceje  is  another  small  Order,  usually  placed  in  this  neigh- 
bourhood, but  with  obscure  affinities.  Chailletia  toxicaria  has  a  poisonous 
fruit,  called  Rat's-bane  at  Sierra  Leone.) 


Order  LII.  RHAMNACE^].    The  Buckthorn  Order. 

Class.  Frangulaceaa,  Endl.    All.  Rhamnales,  Lindl.    Coh.  Celastrales, 

Benth.  et  Hook. 

409.  Diagnosis. — Shrubs  or  small  trees  with  simple  leaves ;  small  and 
regular  flowers  (sometimes  apetalous)  ;  the  4-5  perigynous  stamens  as 
many  as  the  valvate  sepals,  and  alternate  with  them  (opposite  to  the  petals 
when  these  are  present) ;  disk  fleshy ;  berry  or  pod  with  one  seed  in  each 
cell,  albuminous,  without  an  aril. 


Paliurus,  Tournef. 
Zizyphus,  Tournef. 


Illustrative  Genera. 

Rhamnus,  Juss. 
Hovenia,  Thurib. 


Ceanothus,  L. 
Phylica,  L. 


Affinities. — The  Rhamnacese  are  clearly  distinguished  from  the  Celas- 
traceee  by  the  position  of  the  stamens  before  the  petals.  The  calycifloral 
condition  of  their  stamens,  the  fleshy  disk,  and  the  separate  petals  indicate 
great  difference  from  the  corollifloral  Order  Aquifoliace£e,  also  formerly 
associated  with  them.  Brongniart  thinks  their  nearest  relations  are  to 
the  hypogynous  Byttneriacese  and  to  Euphorbiacete.  Some  of  the  genera 
have  free,  others  adherent  ovaries. 

Distribution. — A  rather  large  Order,  the  species  of  which  are  generally 
diffused. 

Qualities  and  Uses. — Some  acrid  and  purgative,  some  with  bitter  tonic 
properties,  others  with  edible  fruits.  Rhamnus  includes  R.  catharticus, 
the  Buckthorn,  from  the  berries  of  which  a  purgative  syrup  is  made,  also 
the  colour  termed  Sap-green.  The  dyeing  material  called  French  berries 
consists  of  the  unripe  berries  of  R.  infcctorius,  saxatilis,  and  amyr/dalinus. 
Zizyphus  has  edible  fruit,  called  Jujubes  (Z.  vidgaris,  Z.  Jujuba,  Sec). 
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The  charcoal  made  from  the  wood  of  Ji.  Franc/via  is  used  for  gunpowder- 
making.  Z.  Lotus  is  supposed  by  some  to  he  the  Lotus  of  the  ancients, 
although  others  think  this  was  Nitraria  (§  .'593).  The  peduncles  of  Ho- 
venia  aulcis  enlarge  into  a  succulent  fruit,  eaten  in  China;  other  genera 
also  furnish  edible  berries.  The  leaves  of  Ceanothus  americanus  are  con- 
sumed as  New-Jersey  Tea,  and  those  of  Sageretia  theezatu  are  used  for 
Tea  by  the  poorer  Chinese. 


Order  LIII.  ANACARDIACEiE  or  TEREBINTHACEiE. 
The  Sumach  Order. 

Class.  Terebinthinffi,  Endl.    All.  Rutales,  Lindl,    Coh.  Sapindales, 

Benth.  et  Hook. 

410.  Diagnosis. — Trees  or  shrubs  with  a  resinous  or  milky  acrid  juice; 
dotless  alternate  leaves,  and  small,  often  polygamous,  regular  flowers ; 
calyx  small,  usually  with  5,  sometimes  3-4  or  7  lobes,  persistent ;  petals 
equal  in  number  to  the  lobes  of  the  calyx,  or  wanting ;  stamens  the  same 
number  or  double  or  more,  inserted  on  an  annular  fleshy  disk,  or  coherent 
and  perigynous.  Ovary  single,  or  rarely  of  5  or  6  carpels,  superior  (rarely 
inferior),  1-celled ;  style  1,  or  3  or  4,  sometimes  uone ;  stigmas  twice  as 
many ;  ovules  solitary,  on  a  long  funiculus.  Fruit  indehiscent,  commonly 
drupaceous ;  seed  without  albumen. 


Pistacia,  L. 
Schinus,  L. 
Rhus,  L. 


Illustrative  Genera. 

Melanorrhea,  Wall. 
Stagmaria,  Jack. 
Mangifera,  L. 


Semecarpus,  L. 
Spondias,  L. 


Affinities  The  prominent  differential  characters  of  this  Order  reside  in 

the  solitary  ovule,  with  ventral  raphe  and  inferior  micropyle,  or  dorsal 
raphe  if  the  micropyle  be  superior.  This  Order  is  related  to  the  Xantho- 
xylacete  in  many  respects,  but  differs  in  the  structure  of  the  ovary  and  seed. 
From  the  Burseraceae  also  it  is  divided  by  the  same  characters,  although 
Spondias  connects  them  as  regards  the  fruit ;  while  the  same  peculiarities 
relate  it  on  the  other  hand  to  certain  Connaraceae,  Eosaceaj,  and  Legu- 
minosae. 

Distribution — A  large  Order,  the  species  of  which  are  chiefly  tropical, 
diminishing  rapidly  beyond  the  tropics. 

Qualities  and  Uses. — The  resinous  juice  of  these  plants  is  acrid,  or 
violently  irritating  and  poisonous;  it  often  becomes  black  in  drying.  Some 
kinds,  however,  yield  edible,  and  even  valuable  fruits.  Anacardium  occi- 
dentale,  the  Cashew-nut,  is  remarkable  for  the  curious  fleshy  enlargement 
of  the  peduncle  supporting  the  nut ;  this  peduncle  is  edible,  as  is  also  the 
seed  when  roasted ;  but  the  pericarp  contains  acrid  volatile  oil.  A  guni- 
resinous  juice  exudes  from  the  wood,  called  Gomme  d'Acajou,  which  is 
used  when  fresh  as  a  varnish.  Semecarpus  Anacardium,  the  Marking-nut, 
Melanorrhea  usitatissima,  Stagmaria  vernhijtiia,  Rhus  remit ,  &&  are 
among  the  plants  furnishing  varnishes  used  in  the  Fast  [ndies,  China,  and 
Japan  for  lacquered  ware ;  their  j  uices  are  white  at  first,  and  become 
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black  after  exposure  to  the  air.  Mastic  is  obtained  from  Ptstacia  atlantica 
and  P.Lentiscus,^\o  turpentine  from  P.  Terebinthus ;  the  fruit  oiPtstaaa 
vera  is  the  Pistachio-nut,  highly  valued  in  Eastern  cookery.  Manyijera 
indica,  with  numerous  varieties,  Yields  the  well-known  tropical  drupe 
called  the  Mango.  The  Sumachs,  species  of  Mies,  are  acrid  and  poisonous, 
affecting  some  constitutions  more  than  others,  and  sometimes  producing 
violent  erysipelas  when  applied  to  the  skin.  R.  Toxicodendron i  is  the 
Poison-Oak  of  North  America ;  R.  venenata,  the  Poison-Elder  or  Poison- 
Sumach.  R.  typhina,  glabra,  and  Coriaria  have  acid  fruit  and  astringent 
bark,  used  in  tanning;  R.  Cotinus,  which  is  sometimes  grown  m  our 
shrubberies  under  the  name  of  the  Wig-plant,  from  the  hair-like  nature 
of  the  sterile  flower-stalks,  yields  the  dye-wood  called  Young  Fustic ; 
R.  Metopium,  the  Hog-gum  of  Jamaica,  a  powerful  purgative  and  emetic. 
Spondias  purpurea  and  S.  Mombin  yield  succulent  fruits  eaten  in  Brazil 
and  tbe  W.  Indies  under  the  name  of  Hog-plums;  S.  Cytherea  or  didcis 
affords  a  delicious  fruit  in  the  Society  Islands. 

(Sabiace-s:  are  a  small  Order  of  East-Indian  plants,  removed  by  recent 
authors  from  AnacardiacesE,  where  they  were  formerly  placed  as  anomalous 
forms.) 

(Connaraceje  form  an  Order  of  tropical  trees  and  shrubs,  usually 
placed  near  Anacardiaceee,  but  destitute  of  resinous  juice,  and  with  ortho- 
tropous  ovules ;  the  fruits  are  apocarpous  and  follicular.  They  are  also 
allied  to  the  Xanthoxylacese.  The  seeds  sometimes  have  an  aril ;  those 
of  some  species  of  Omphalobium  are  edible.  The  Zebra-wood,  used  in 
cabinet-making,  is  stated  by  Schomburgk  to  be  the  produce  of  a  Guiana 
species  of  this  genus,  0.  Lamberii,  of  great  size.) 


Order  LIV.  BURSERACE.E.    The  Balsam  Order. 

Class.  Terebinthinse,  Endl.    All.  Rutales,  Lindl.    Coh.  Geraniales, 

Benth.  et  Hook. 

411.  Diagnosis. — Trees  or  shrubs  abounding  in  balsam  or  resin,  with 
alternate  or  opposite  compound  leaves,  sometimes  stipulate  and  dotted ; 
flowers  perfect,  or  sometimes  diclinous  by  abortion;  calyx  persistent, 
with  2-S  divisions ;  petals  and  stamens  perigynous,  outside  a  perigynous 
disk;  ovary  1-5-celled,  superior,  sessile  in  or  upon  the  disk;  ovules  in 
pairs;  micropyle  superior;  raphe  ventral;  fruit  dry,  1-5-celled,  often 
splitting  into  valves ;  seeds  exalbuminous ;  cotyledons  plicate,  rarely  flat. 


Illustrative  Genera. 


Boswellia,  Roxb. 
Balsamodendron,  Kunth. 


Icica,  Aubl. 
Bursera,  Jacq. 


Canarium.  L. 
Amyris,  L. 


Affinities — The  Amyridacese,  excepting  the  genus  Amyris  itself,  have 
a  many-celled  fruit,  which  forms  a  link  between  Anacardiacea?  and  Auran- 
tiaceaj ;  but  the  shell  of  the  fruit  is  bard  here,  and  opens  by  valves 
Amyris  has  dotted  leaves.    The  ovules  in  pairs  separate  them  from  Ana- 
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cardiacere.  The  want  of  scales  to  the  stamens  separates  them  from  Sima- 
rubete.  From  Rutals  they  differ  in  their  exalbuminous  embryo.  From 
Aurantiads  they  differ  in  the  fruit. 

Distribution. — The  Order  consists  of  about  150  species,  distributed 
throughout  the  tropics  of  Asia,  Africa,  and  America. 

Qualities  and  Uses. — Fragrant  resinous  juices  are  the  chief  character- 
istics of  this  Order.  Boswellia  Jloribunda  and  glabra  yield  the  East- 
Indian  Olibanum  or  Frankincense;  B.  papyri/era  (Abyssinia)  yields  a 
similar  Olibanum,  and  has  a  remarkable  inner  bark,  capable  of  separation 
into  sheets,  which  are  used  as  paper.  Balsamodendron  Myrrha  yields 
Gum  Myrrh  ;  Balm  of  Mecca  is  produced  by  Bals.  Opobalsarmon  and  Bals. 
gileadense.  Bals.  Muhul  yields  Googai,  or  Bdellium ;  B.  pubescens  another 
balsam,  almost  soluble  in  water.  Amyris  hexandra  and  A.  Plumieri  yield 
Elemi ;  the  wood  of  A.  balsamifera  is  known  as  Lignum  Rhodium ;  the 
balsam  of  A.  toxifera  is  poisonous.  Idea  Icicariba  yields  Brazilian  Elemi, 
I.  Carana  American  Balm  of  Gilead ;  and  other  species  afford  similar  pro- 
ducts. Elaphrium  tomentosum  supplies  one  of  the  kinds  of  Tacamahaca, 
JE.  elemiferum  Mexican  Elemi ;  and  Canarium  commune  furnishes  East- 
Indian  or  Manilla  Elemi.  Bursera  panicidata  (Mauritius)  is  called  Bois 
de  Colophane,  giving  out  freely  when  wounded  an  oily  juice  smelling  like 
turpentine ;  B.  gummifera  yields  Chibou  resin,  B.  acuminata  Resin  of 
Carana ;  Heclwigia  balsamifera,  Beaume  a  cochon,  used  as  a  substitute  for 
Copaiba.  The  wood  of  Idea  altissima  is  used  for  canoes  in  British  Guiana, 
under  the  name  of  Cedar-wood. 

Order  LV.  LEGUMINOSJ3.    The  Pulse  Order.  ^ 
•S5SE2SSSSS35S5SSS  A  ^^m^ 

Class.  Leguminosse,  Midi.    All.  Rosales,  Lindl.    Coh.  Rosales, 
Benth.  et  Hook. 

412.  Diagnosis. — Herbs,  shrubs,  or  trees,  with  irregular,  |  often 
papilionaceous  jor  regular  flowers  ;  stamens  10  or  rarely  5,  or  Some- 
times indefinite,  diadelphous,  monadelphous,  or  distinct ;  pistil  sim- 
ple, free,  becoming  a  legume  or  lorn  en  turn;  seeds  exalbuminous; 
leaves  mostly  alternate,  stipulate,  usually  compound. 

Character. 

Calyx  more  or  less  deeply  5-fid,  the  odd  lobe  in  front  or  next  the 

bract ;  lobes  often  unequal  and  variously  combiued. 
Corolla :  petals  5,  or  4-0  by  suppression,  inserted  in  the  bottom  of 

the  calyx,  papilionaceous  (§  181)  or  regular;  the  odd  petal, when 

present,  posterior  (fig.  356). 
Stamens  definite  or  indefinite,  inserted  on  the  calyx,  rarely  hypogy- 

nous,  distinct  or  coherent  in  one  or  two  bundles.  (9  +  1,  fig.  357),,; 

or  rarely  in  three ;  anthers  Queuing  by  chinks  or  bv  pores.    \  W 
Ovary  usually  solitary, Simple,  ol  one  carpel  (very  rarely  2  or_5), 

1-celled,  1-,  2-,  or  many-seeded ;  style  and  stig?7ia  simple  (fig.  358). 
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Fruit:  a  legume,  loincntum,  or  rarely  a  drupe ;  seeds  attached  to 
the  upper  (ventral)  suture,  1  or  many,  sometimes  with  an  aril  usj 
embryo  without,  rarely  with  albumen,  straight,  or  with  tEeradicle 
folded  on  the  cotyledons.  — 


Fig.  356. 


Fig.  358. 


Fig.  3.51).  Ground-plan  of  a  Papilionaceous  flower. 
Pig.  357.  Diadelphous  stamens  of  Leguminosse. 
Fig.  358.  Pistil  of  Colutea. 

This  large  Order  is  divided  into  three  Suborders,  which  are  distin- 
guished by  the  following  characters  : — 

1.  ~P a pt t.ton a c.v. .    Corolla  papilionaceous,  imbricated  in  the  bud. 
theurfefrg  odd  neta 


ai^^grjjftr. 


C  esut.-ptxtk.e.    Corolla  imbricated  in  aestivation,  the  odd  petal 


lnsm^ethela^ejg^m^s. 

3.  IVfiMoaEiE.    Corolla  valvate  in  aestivation. 


This  vast  Order  is  further  subdivided  into  several  tribes,  the 
subdivisions  being  founded  on  the  degree  of  cohesion  of  the  stamens, 
the  nature  of  the  pod  and  cotyledons,  the  leaves,  habit,  &c. 

Illustrative  Genera. 


Chorozema,  Lcibill. 
/Lupinus,  L. 
Ulex,  L. 
Genista,  L. 
Lotus,  i. 
Trifolium,  L. 


Hrematoxylon,  L. 
( IsBsalpinia,  L. 
Cassia,  L. 

Cathartocarpus,  Peru. 


1.  PAPILIONACE-ffi. 

Indigofera,  L. 

Glycyrrhiza,  L. 

Astragalus,  L. 
yPisum,  L. 
/Vicia,  L. 

Arachis,  L. 

2.  C-ESALPmiEiE. 

Swartzia,  Wittd. 
Amherstia,  Wall. 
Jonesia,  Ro.vb. 
Schotia,  Jacq. 


Ornithopus,  L. 
Onohrychis,  Tournef. 
Phaseolus,  L. 
Dalbergia,  L. 
Sophora,  L. 


Tamarindus,  L. 
Copaifera,  L. 
Ceratonia,  L. 
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Entada,  L. 
Adenanthera,  L. 


3.  MrsiosEiE. 

Prosopis,  L. 
Mimosa,  L. 


Acacia,  Willd. 
Inga,  Willd. 


Affinities,  &c. — This  immense  Order  presents  very  considerable  variety 
of  structure  within  its  wide  limits ;  and  but  one  character  is  absolutely 
constant,  the  position  of  the  sepals ;  the  irregularity  of  the  corolla  dis- 
appears altogether  in  the  Mimosece,  and  the  legume  is  exchanged  for  a 
drupe  in  JDetarium  and  Dipteryx ;  this  causes  a  near  approach  to  the 
Rosaceaa ;  but  it  may  be  noticed  that  when  the  flower  is  regular  the  fruit 
is  leguminous,  and  vice  versa  ;  and  the  anterior  position  of  the  odd  sepal  of 
the  calyx  is  an  unexceptional  character  of  this  Order.  The  Casalpiniece 
have  the  papilionaceous  exchanged  for  a  spreading  irregular  form,  or  the 
petals  are  suppressed.  In  Mimosecs  the  stamens  are  hypogynous.  The 
last  fact  brings  the  Order  closely  into  relation  with  the  Anacardiacese, 
from  which  it  is  not  easy  to  distinguish  some  of  the  apetalous  Ccesaljriniece 
at  first  sight. 

The  single  carpel  inJiie  ovary  of  this  Order  is  almost  n.  universal  cha- 
racter^Twocarpels,  Uowever^i!ppeMTo"D?rTo7mally  present  in  Diphaca 
Sn^ucesalpiuia  digyna ;  a  double  ovary  sometimes  occurs  as  a  monstrosity 
in  Wistaria  sinensis,  in  Gleditschia,  and  in  the  French  bean  (Phaseolus) ; 
and  a  Mimosa  with  5  carpels  (thus  a  symmetrical  flower)  is  said  to  have 
been  seen  by  St.-Hilaire.  The  simple  legume  presents  a  great  variety  of 
conditions,  both  of  form,  consistence,  and  dehiscence.  Its  normal  form  is 
such  as  we  see  in  the  garden  Pea  (fig.  359) ;  in  Colutea  (the  Bladder-Senna; 
it  is  inflated  and  membranous ;  m_Astraualus  the  dorsal  suture ■ turns  in 
and  forms  a  false  septum  (fig.  362) m  Pkaca  it  is  spongy  or  fleshy ;  in 
Hiany  cases  It  it!  Woody ;  it  may  be  straight,  or  curved,  or  even  spirally 
curled  {Medicago,  fig.  361)  ;  in  the  lomentaceous  form  it  is  constricted  at 


Pi?.  359. 


Fig.  360. 


Fig.  361. 


Fig.  362 


Fig.  3.i0.  Legume  of  Fmim. 
Fig.  361.  Legumes  of  Medicago. 


Vie  360.  Lomentum  of  Acacta. 

Fig.'  3«2.  Legume  of  Astragalus:  a,  entire;  6,  cut  aeross. 


intervals,  often  breaking  into  1 -seeded  joints  (fig.  360)  ;  in  Oathartocarpu, 
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it  is  cylindrical;  in  Detarium  and  Dipteryx  the  1-seeded  ovary  developes 
a  bony  endocarp  and  fleshy  epicarp,  and  becomes  a  drupe,  like  -pig.  363. 
the  Almond.  The  dehiscence  is  equally  varied  :  normally 
both  sutures  open  and  the  valves  separate ;  in  Hamatoxylon 
the  valves  adhere  at  the  sutures  and  split  in  the  middle.  In 
Carmichaelia  the  valves  separate  from  the  suture ;  in  Orm- 
thopus  &c.  the  lomentum  breaks  up,  and  the  pieces  either 
open  or  remain  indehiscent ;  in  Entada  the  lomentaceous  pod 
is  opened  by  I  he  valves  separating  in  pieces.  In  Cathartocarpus, 
Arachis,  Tamarindits,  and  other  cases  no  dehiscence  occurs  at 
all ;  and  in  CathaHocarpua  and  Tcimarindus  a  pulp  is  formed 
inside  the  lepiime. 

The  irritability  of  the  leaves  of  many  Leguminous  plants 
is  a  striking  characteristic :  it  is  most  remarkable  in  the 
JZedysarea,  as  in  Smitlria,  Desmodium,  &c.,  and  in  Mimosa  ; 
but  it  exists  in  a  lower  degree  very  commonly,  even  in  the 
Locust-tree  (Robinia  Pseudo-acacia).  The  Acacias  are  no-  P^|i°ry  head 
tieeable  for  the  phyllodial  petioles,  which  often  wholly  re-  of  flowers  of 
place  the  leaves  (fig.  363).  Acacia. 
^  Distribution. — The  Order  comprises  nearly  7000  species.  The  Papilio- 
'  nacea&re  universally  distributed,  but  are  most  abundant  in  warm  climates ; 
some  genera  are  widely  diffused,  others  almost  confined  to  particular  parts 
of  the  globe,  as  Australia,  North  or  South  America,  Cape  of  Good  Hope, 
&c.  The  Ccesalpiniece  and  Mimosece  are  chiefly  tropical ;  but  the  latter 
abound  beyond  this  limit  in  Australia. 

Qualities  and  Uses. — This  Order  contains  a  vast  number  of  plants;  and 
among  them  there  is  an  exceeding  diversity  of  properties.  Those  with 
mild  juices  are  frequently  exceedingly  nutritious;  when  the  juices  are 
more  concentrated,  they  become  either  purgative  or  astringent,  and  some 
of  them  poisonous ;  the  poisonous  properties  occur  in  all  parts,  but  chiefly 
in  the  seeds  and  bark.  In  other  respects,  they  furnish  most  valuable 
timber,  fibres,  gums,  dyes,  &c.  In  enumerating  some  of  the  most  im- 
portant plants,  it  will  be  best  to  take  them  under  the  heads  of  the  Sub- 
orders. 

1.  Pupilionacece. — A  large  proportion  of  the  common  fodder-plants,  such 
as  Clover  (Trifolium),  Lucern  and  Medic  (Medicayo),  Melilotus,  Sain- 
foin (Onobrychis),  Sec,  belong  to  this  Suborder  ;  and  various  other  similar 
plants  are  in  use  in  foreign  countries,  such  as  species  of  Artrayalus,  Cro- 
talaria  juncea,  Desmodium  diffusum,  Indiyofera  enneaphylla,  &c.  The 
seeds  of  many  species  are  eaten,  constituting  the  various  kinds  of  pulse  ; 
such  as  Broad  Beans  (Faba),  Haricots  and  Scarlet  Beans  (Phaseolus), 
Peas  (Pisum,  JDolichos),  Lentils  (Ervum,  Vicia),  Chick-peas  (Cicer), 
Pigeon-peas  (Cajanus),  Lupines,  &c.  The  roots  of  some  of  these  are 
said  to  be  poisonous,  as  those  of  Phaseolus;  but,  as  is  well  known,  the 
pericarps  or  pods  are  eaten  boiled  in  the  young  state.  Saccharine  matter 
exists  in  the  roots  of  Liquorice  (Gtycyrrhiza  glabra,  with  G.  echinata  and 
glandidifera)  ;  a  kind  of  Manna  is  obtained  from  the  Camel-thorn  (AUiar/i 
Muurorum) ;  Astrayakis  ylycyphyllus  has  a  sweet  juice.  The  tuberous 
roots  of  Dohchus  tuberoms  and  bulboszis,  Apios,  Pueraria,  and  Lathmts 
tuberosum  are  eaten  in  the  same  way  as  potatoes. 

Among  the  purgative  species  are  Bladder-Senna  (Colutea  arborescens) , 
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the  leaflets  of  which  are  often  used  to  adulterate  true  Senna,  and  Coronilla 
Emerus  and  C.  varia  :  the  last  is  reputed  to  he  poisonous ;  various  species 
of  Genista,  Cytisus,  Mobinia,  Sec.  are  diuretic  and  cathartic. 

The  well-known  astringent  substance  Kino  is  obtained  in  Africa  from 
Pteroearpus  erinaceus,  in  the  East  Indies  from  P.  Marsupium,  Gum  Dragon 
from  P:  Draco,  and  Red  Sandal-wood  from  P.  santalinus.  A  somewhat 
similar  substance  to  Kino  is  obtained  in  the  East  Indies  from  the  Dahk 
trees  (Butea  frondosa  and  superba).  Erythrina  monosperma  yields  Gum 
Lac.  A  few  plants  of  this  Suborder  yield  gums,  such  as  Tragacanth,  from 
Astrayalus  verus,  creticus,  cristatus,  yummifer,  and  strobiliferus. 

Dyes  are  obtained  from  many,  as  Indigo  from  Indiyofera  tinctoria, 
ceendea,  aryentea,  and  probably  others,  and  from  Tephrosia  Apollinea  and 
other  species ;  Baptisia  tinctoria  gives  an  inferior  kind.  The  flowers  of  the 
Butece  give  a  brilliant  orange-yellow  colour  ;  Sophora  japonica  furnishes 
yellow  from  the  pulp  of  its  pods ;  Dyer's  broom  ( Genista  tinctoria')  gives 
a  good  yellow  colour,  and  forms  a  green  with  Isatis. 

Ornamental  and  useful  timber  is  afforded  by  some,  as  Rose-wood  (Palis- 
sand?^  of  the  French)  from  various  Brazilian  species  of  Triptolomea,  Itaka- 
wood  of  Guiana  (Machcerium  Schomburyki),  Laburnum-wood  (Cytisus 
Laburnum),  Locust  (Robinia  Pseudo- acacia) ;  Dalbei-yia  Sissoo  and  other 
species,  and  Pteroearpus  dalberyioides,  are  highly  valued  in  the  East  Indies. 
Others  furnish  fibrous  substances,  such  as  Crotalariajuncea,  yielding  Bengal 
Hemp. 

Dipteryx  odorata  (Tonka-bean)  and  D.  oleifera  (Eboe-nut)  are  used  in 

C perfumery.  The  hairs  from  the  pods  of  Oowhage  (Mucuna  pruriens)  were 
formerly  used  as  an  anthelmintic.  The  seeds  of  Astrayalus  bozticus  are 
used  as  a  substitute  for  and  adulteration  of  coffee  in  Germany. 

The  distinctly  poisonous  plants  of  this  Suborder  are  numerous.  The 
I  roots  of  the  Scarlet-runner  bean  (Phaseolus  multifiorus)  and  other  species 
I  are  narcotic  poisons;  also  the  seeds  of  Laburnum  (Cytisus  Laburnum, 
alpinus,  &c),  those  of  Lathyrus  Aphaca,  and,  it  is  said  (but  denied  by 
I  others),  those  of  Abrus  precatorius  (the  scarlet  seeds  with  a  black  patch, 
often  iiMed  as  beads),  Anayyris  fcetida,  Ervum  Ervilia,  Sec.    Indigo  is  a 
violent  poison  ;  the  shoots  of  various  kinds  of  Tephrosia,  especially  T.  tori- 
j  fera,  are  used  to  poison  fish,  as  is  the  bark  of  Piscidia  Erythrina,  a  powerful 
narcotic.    Species  of  Geqfroya,  as  G.  vermifuya  and  spimdosa,  and  Andira 
inermis  and  retusa,  having  drastic  purgative  and  emetic  barks,  are  acrid- 
narcotic  poisons  in  large  doses.    Gompholobium,  an  Australian  genus,  is 
said  to  poison  sheep.    Physostiyma  venenosum  furnishes  the  poisonous 
Calabar  bean  used  as  an  ordeal  by  the  natives,  and  in  medicine  for  its 
use  in  contracting  the  pupil  of  the  eye.    It  acts  as  a  powerful  nervous 
sedative. 

2.  Ccesalpiniece.— This  Suborder  does  not  appear  to  have  any  decidedly 
poisonous  properties ;  but  a  purgative  quality  is  very  common,  as  m  Senna, 
Cassia  obovata,  Senna,  aeutifolia,  and  lanceolata  ;  C.  marilandtca  and  other 
North-American  species  have  similar  properties.  Cassia  or  Cathartocarpus 
Fistula  has  a  purgative  fruit ;  and  the  pulp  of  the  Tamarind  (Tamarind,,* 
indica)  shares  this  quality.  Besides  the  Tamarind,  other  fruits  less  acid, 
are  eaten,  as  the  Tamarind  Plum  (Dialium  indicum)  and  the  Tamarinds 
of  Sierra  Leone,  which  are  species  of  Codarium.  Carobs  or  Algarobas,  the 
legumes  of  Ccratonia  Siliqua  (also  called  St.  John's,  or  the  Locust-tree),  are 
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used  for  feeding  horses  in  Spain,  and  have  recently  heen  imported  for 
feeding  stock  in  this  country.  Glcditschia  triacanthos  bears  a  similar  Iruit, 
called  in  North  America  the  Honey-locust;  the  fruit  of  the  West-Indian 
Locust,  Hymencea  Courbaril,  is  somewhat  similar,  hut  is  said  to  purge 
when  fresh  gathered  ;  a  kind  of  beer  is  made  from  it  by  decoction  and  fer- 
mentation.—Many  Casalpiniete  have  bitter  and  astringent  properties,  and 
are  sometimes  used  in  medicine,  several  of  them  in  tanning  and  dye- 
ing, as  Divi  divi,  the  pods  of  Ccesalpinia  Coriaria,  one  of  the  most  powerful 
of  known  astringents ;  the  bark  of  some  species  of  Bauhinia  and  Cassia 
are  used  in  similar  ways.— The  dye-woods  are  important,  namely  Log- 
wood (Hcematoxylon  campechianum) ,  Brazil-wood  or  Pernambuco-wood 
{Ccesalpinia  echinata,  brasiliensis,  and  other  species),  Cam-wood  or  Bar- 
wood  (Baphia  nitida),  &c.  The  West-Indian  Locust-tree  (Hymencea 
Courbaril),  the  Purple-heart  of  Guiana  (Copaifera  pubiflora  and  bracteata), 
Melanoxylon  Brauena,  JEperua  falcata,  &c.  yield  very  hard  and  durable 
timber.  '  The  size  of  some  of  the  Csesalpineous  trees  of  the  South-  Ame- 
rican forests  is  said  to  be  enormous,  as  much  as  84  feet  in  circumference 
at  the  base,  where  large  projecting  buttresses  occur,  and  60  feet  at  the 
commencement  of  the  clear  run  of  the  trunk. 

The  bark  of  Bauhinia  racemosa  and  parvifiora  is  used  for  cordage  in  the 
East  Indies.  Gum  is  yielded  by  several,  as  Bauhinia  retusa  and  emar- 
ginata  in  the  East  Indies,  and  Pithecolobium  gummiferum  in  Brazil.  Anime 
resin  is  obtained  from  Hymencea  Courbaril ;  Mexican  Copal  probably  from 
an  allied  plant ;  Brazilian  Copal  from  various  species  of  this  genus,  and 
from  Trachylobium  Martianum ;  Madagascar  Copal,  and  perhaps  that  of 
the  East  Indies  in  general,  from  Hymencea  verrucosa.  Balsam  of  Copaiba 
is  derived  from  various  West-Indian  and  Brazilian  species  of  Copaifera  ; 
Balsam  of  Peru  from  Myroxylon  Pereirce ;  Balsam  of  Tolu  from  M.  tolui- 
ferum.  Aloexylum  Agallochum  yields  one  kind  of  Eagle-  or  Aloes-wood, 
the  other  coming  from  an  Aquilaria. 

3.  Mimosece. — Mucilaginous  juices  concreting  into  gum  and  astringent 
properties  of  the  bark  are  the  most  striking  qualities  of  this  Suborder. 
Gum  Acacia  and  its  varieties  are  yielded  by  several  species  of  Acacia : — 
A.  Verek  and  Adansonii  (Gum  Senegal)  in  West  Africa,  A.  nilotica  and 
Seyal  (Gum  Arabic)  in  Nubia,  A.  arabica,  spinosa,  and  (  Vacliellia)  Far- 
nesiana  in  the  East  Indies,  A.  decurrens,  moUissima  and  ajfinis  in  Australia. 
The  bark  of  most  species  of  Acacia  is  Very  astringent,  and  many  kinds  are 
used  for  tanning  in  India ;  the  pods  of  A.  nilotica  are  used  for  the  same 
purpose ;  and  the  astringent  substance  called  Catechu  is  obtained  by 
extraction  with  water  from  the  heart-wood  of  Acacia  Catechu.  Various 
species  of  Inga,  Prosopis,  &c.  are  very  astringent.  Some  East-Indian 
Acacias  yield  valuable  timber ;  the  legumes  of  A.  concinna  and  the  large 
seeds  of  Entada  Purscetha  contain  a  saponifying  substance.  Some  kinds 
of  Mimosa  and  Prosojns  are  said  to  have  poisonous  properties.  Acacia 
varians,  of  Australia,  has  been  called  the  Poison-tree.  It  is  hardly  neces- 
sary to  add  that  a  great  number  of  plants  from  all  these  Suborders  are 
cultivated  for  the  sake  of  their  beautiful  flowers. 

(MonrNGACEiE  form  a  very  anomalous  group  of  3  or  4  species  only 
marked  by  the  following  characters :— Trees  with  2-3-pinnate  leaves  and 
thin  deciduous  stipules;  flowers  irregular,  5-merous;  sepals  and  petals 
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petaloid;  stamens  8-10  on  a  disk  in  the  tube  of  the  calyx,  the  outer 
circle  sometimes  sterile ;  anthers  1-celled ;  ovary  supeiior,  stalked,  1-celled 
with  3  parietal  nianv-ovuled  placentas ;  fruit  a  long  3-valved  pod  with 
the  seeds  in  the  middle  of  the  valves;  seeds  without  albumen.  The 
species  are  natives  of  Arabia  and  the  East  Indies,  and  have  generally  been 
referred  to  the  vicinity  of  the  Leguminosae,  principally  on  account  of  their 
perigynous  irregular  flowers,  pinnate  leaves,  and  pod-like  fruits.  The 
structure  of  the  ovary  removes  them  widely  from  Leguminosae,  on  account 
of  the  parietal  placentation,  since,  judging  from  Rosacea?,  the  occurrence 
of  additional  carpels  in  Leguminosaj  would  be  accompanied  by  an  apo- 
carpous condition,  or  at  least  axile  placentas.    Diphaca  and  Ccssulpiaia 
digyna  (Leguminosaj)  are  in  fact  described  as  having  2  legumes ;  but  the 
monstrous  forms  of  Gleditschia  referred  to  by  De  Candolle  are  said  to  have 
2  coalescent  carpels.    Hence  Lindley  places  this  Order  in  the  neighbour- 
hood of  Violaceae,  and  conceives  that  it  approaches  Polygalaceas.  Others 
place  it  between  Capparids  and  Resedaceae,  to  the  former  of  which  Orders 
it  is  certainly  closely  allied.  The  root  of  Moringa  pterygosperma  is  pungent 
and  aromatic,  resembling  Horse-radish.    A  gum  like  Tragacanth  exudes 
from  the  bark.  The  seeds  are  the  Ben-nuts ;  and  the  oil  of  Ben  was  formerly 
highly  esteemed  for  perfumery,  and  for  lubricating  watch  work,  on  account 
of  its  comparative  freedom  from  easily-solidifying  fatty  ingredients.) 

Order  LVI.  ROSACEA.    The  Rose  Order. 

Class.  RosifloraB,  Endl.    All.  Resales,  Lindl.    Coh.  Rosales,  Benth.  et 

Hook. 

413.  Diagnosis. — Herbs,  shrubs,  or  trees  with  regular  flowers ;  nu- 
merous ( rarely  few^)  distinct  stamens  inserted  on  the  calyx ;  carpels 
1  or  many,  either  quite  distinct  or  coherent,  and  enclosed  in  the  tube 
of  the  receptacle ;  seeds  (anatropous)  1  or  few  in  each  ovary,  exal- 
buminous  ;  embryo  straight,  with  large  and  thick  cotyledons ;  leaves 
alternate,  stipulate. 

CJmracter. 

Calyx  monosepalous,  with  4-5  lbbes,  the  odd  lobe  posterior,  i.  e.  next 
**the  axis,  when  5  ;  sometimes  with  an  epicalyx. 


v<.i,  mo  apocarpous,  1--,  

bined  together  in  the  excavated  rcccntadej^g.  364)  or  tube  ot 
the  calyx ;  ovules  1  or  few  j  styles  lat.ej8f|Eg.  367)  or  terminal. 
Fruit :  a  drupe,  an  acheno,  or  a  jrf  ~r  py" W"f  "f™™ (figs.  365,  366), 
or  a  o^yrTarrhodon  or  a  pome  (fig.  368) ;  seeds  1  or  more,  cxalbu- 
minousj  embryo  Straight. 

This  Order  is  commonly  broken  up  into  several  smaller  Orders, 
which  we  shall  characterize  here  as  Suborders. 


:  ^  *Ct~J     <*    A,  Ac  rt^*'*^ 

2.  c^/smm-j.  fly 


Sc.  cc^>^V    A~~*^      ^.^5  ^  ^ 


r 


3,.  ^<    ^-£2^.    ^  o-^  )     —     -ff         '  — *  —  '  *       ~  ' 
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1.  CnETSoBALANEiE.  Trees  or  shrubs  with  free  stipules;  carpel 
1,  adherent  more  or  less  to  one  side  of  the  calyx ;  ovules  2 ;  style 
basilar  ;  fciiit  a-dsupe  ;  seed  erect. 

2.  Drupaceje  or  Prune  iE.  Trees  or  shrubs  with  free  stipules  ; 
carpel  1,  free;  style  terminal;  feuit-a-dr-upe,  not  enclosed  in  the 
tube  of  the  flower,  which  is  deciduous  ;  seeds  suspended. 

3.  Poiu-le.  Trees  or  shrubs  with  free  stipules ;  carpels  1-5,  more 
or  less  united  together  and  with  the  sides  of  the  flower-tube  ;  styles 
terminal ;  fruit  a  pome,  1-5-celled  or  spuriously  10-celled,  with  a 
crustaceous  core  or  bony  stones  (fig.  365)  :  seeds  ascending. 

4.  P»osEiE.  Shrubs  or  herbs  with  adnate  stipules;  carpels  free 
from  the  calyx,  1  or  many,  1-celled,  sometimes  cohering ;  styles 
lateral ;  fruit  usually  etserios  formed  of  an  assemblage  of  dry  achenes, 
small  drupes,  or  dehiscent  several-seeded  follicles ;  seed  suspended, 
rarely  ascending. 

5.  Sanguisorbeje.  Herbs  or  undershrubs,  apetalous,  often  dicli- 
nous ;  carpel  1 ;  style  from  the  summit  or  base ;  fruit  an  achene, 
surrounded  by  the  persistent  tube  of  the  calyx ;  seed  1,  suspended 
or  ascending. 


Fig.  364 


Fig.  365. 


Fig.  368. 


Fig.  361.  Section  of  the  flower  oiJlosa. 
Fig.  365.  Dry  etoerio  of  Qeum. 
Fig.  366.  Section  of  succulent  etserio  of  Rubus. 
Fig.  307.  Ovary  of  Fraffaria  with  lateral  style. 
Pig.  368.  Section  of  the  pome  of  Mespilus. 


Illustrative  Genera. 


I.  CHRYSOBALANEiE. 

Cbrysobalanus,  L, 


II.  Amy<;dalf,.tj,  or  Dnur.ACR.E. 
Prunus,  L. 
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III.  POMEiE. 

Pyrus,  Lindl. 
Crataegus,  L. 

IV.  RoSEiE. 

1.  nosiDiE.  Flower-tube  fleshy, 
enclosing  the  achenes. 

Rosa,  Toumef. 

2.  FOTENTiLLiD-ffi.  Flower-tube 
herbaceous ;  fruit  an  etcerio. 

Rubus,  L. 
Fragaria,  L. 
Potentilla,  L. 


3.  BPIBJBWJB,  Flower-tube  herba- 
ceous; fruit  a  ring  of  follicles ;  seeds 
not  winged. 

Spiraea,  L. 

4.  quillale.  Flower-tube  herba- 
ceous ;  fruit  capsidar ;  seed  winged. 

Quillaia,  Mol. 

5.  neuradeje.  Calyx  adhering 
to  a  ring  of  10  carpels ;  seed  pen- 
dulous. 

Neurada,  L. 
V.  Sanguisorbe-e:. 

Alclieinilla,  Tournef. 
Poterium,  L. 


nities. — CJojjelyjiIiied^oJ^  anjd^inde^^t^e^nJrcpjatapt 
of  difieren^^Qnasfs^rrTne^osition  of  TEe^)aTsepar— posterior  in 
^toior]5^e!guTnin^3aeT^TTe"TO?v/so^atowcte  mav  be  regarded 
a  link  between  the  Leguminosae  and  the  Drupacece,  touching 
that  Order  especially  in  its  drupaceous  genera  and  those  with  a  laterally 
adherent  calyx.  The  Drupacece  have  some  affinity  also  to  Anacardiaceae ; 
Pomece  again  connect  the  Order  with  the  epigynous  families,  especially 
Myrtaceae,  through  Punica.  Posece  resemble  Pomece  in  many  respects,  but 
their  affinities  go  out  in  other  directions ;  Calycanthaceae  should,  perhaps, 
scarcely  be  separated  from  them.  The  Spirceidce  very  much  resemble  some 
Saxifragaceae  (distinguishable  by  their  albuminous  seeds) ;  and  the  Poten- 
tillidce  remind  us  of  the  Ranunculaceae  in  the  fruit  and  the  adnate  stipules, 
which  sometimes  closely  approach  the  dilated  base  of  the  petiole  of  Pa- 
nunculus  &c. ;  but  Ranunculaceae  have  albumen  and  usually  hypogynous 
stamens,  though  the  difference  in  some  genera  between  hypogynous  and 
perigynous  position  of  the  stamens  is  almost  imperceptible.  Sanguisorbece 
are  merely  a  degraded  form  of  Posece,  where  the  petals  and  one  or  other 
set  of  essential  organs  are  abortive  in  each  flower. 

Distribution. — There  are  about  a  thousand  species.  The  Chrysobalanece 
are  chiefly  found  in  tropical  America  and  Africa,  more  rarely  in  Asia  :  the 
Drupacece  are  mostly  natives  of  the  temperate  parts  of  the  Northern 
Hemisphere,  but  are  widely  spread  in  cultivation ;  the  Pomece  also  belong 
to  the  Northern  Hemisphere  ;  most  of  the  Posece  and  Sanguisorbece  belong 
to  temperate  and  cold  climates,  but  a  few  are  tropical. 

Qualities  and  Uses.— The  succulent  fruits  of  many  of  the  plants  form  the 
most  striking  feature  of  this  Order.  Various  parts  of  the  structure,  but 
especially  the  seeds,  yield  much  hydrocyanic  acid  in  the  Suborders  Dru- 
pacece and  Pomece.  The  bark  and  root  of  almost  all  are  bitter  and  astrin- 
gent, owing  to  the  presence  of  tannin.  Drupacece  commonly  contain  a  gum 
(resembling  Gum  Arabic)  in  the  sap.  This  gum  is  the  result  of  a  patholo- 
gical change  in  the  tissues.  . 

Most  of  the  Chrysobalanece  have  stone-fruits;  that  of  C.  Icaco  (\\  est 
Indies)  is  eaten  under  the  name  of  Cocoa-plum. 

Anion"'  the  Drupacece  we  have  the  fruits :— Almond  (Amygdalus  com- 
munis) ;  the  Peach  and  Nectarine  (A.  persica) ;  the  Plum  in  all  its  varieties, 
such  as  Greengages,  Bullaces,  Damsons,  &c.  (Prunus  domestica,  spinosa, 
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and  varieties) ;  the  Apricot  {Primus  armeniaca) ;  the  Cherry  {  Cerastes  avium, 
&c  )  Cerasus  Lauro-cerasus  is  the  common  "  Laurel,"  or  Cherry-laurel  ot 
our  shrubberies,  C.  lusitanica  the  Portugal  Laurel.  Many  of  these  plants 
contain  a  considerable  quantity  of  amygdaline,  causing  the  formation  ot 
prussic  acid  -when  they  are  bruised.  This  gives  to  the  seeds  of  the  -Bitter 
variety  of  Almond,  and  to  all  other  seeds  in  this  Suborder,  a  poisonous 
property,  which  exists  also  to  a  great  extent  in  the  leaves  and  shoots  ot 
the  Cherry-laurel,  the  flowers  of  the  Almond,  Peach,  &c.  The  seedsalso 
contain  a  fixed  oil,  which  may  be  obtained  by  expression ;  and  that  of  the 
Sweet  variety  of  the  Almond  is  devoid  of  amygdaline,  and  thus  harmless. 
Pomece  have  succulent  fruits,  such  as  the  Apple,  Pear  {Pyrus  Mains  and 
communis),  Quince  ( Cydonia  vulgaris),  Medlar  {llespilus  germanica),  &c, 
which  have  been  brought  into  the  edible  condition  by  cultivation ;  when 
wild,  they  are  mostly  austere,  like  those  of  the  Hawthorn  (Cratcegus),  of 
the  Mountain  Ash  {Pyrus  Aucuparia),  &c.  The  seeds  contain  amygdaline, 
and  therefore  yield  prussic  acid ;  as  do  also  the  flowers,  bark,  and  root  of  the 
Mountain  Ash.    Quince-seeds  are  valuable  for  the  mucilage  they  contain. 

The  Rosece  yield  edible  fruits,  such  as  the  Raspberry  and  Blackberry 
{Rubus  idceus  and  fruticosus)  and  the  Strawberry  {Fragaria  elatior,  vesca, 
&c).  The  petals  of  Roses  yield  the  essential  oil  called  Otto  or  Attar  of 
Roses.  Kousso  (Brayera  anthelmintica)  is  used  as  a  vermifuge.  Most  of 
the  Rosea  have  astringent  bark  and  roots ;  some  are  unwholesome.  San- 
guisorbea  have  astringent  properties  similar  to  Rosece.  Quillaice  contain 
in  their  bark  a  saponaceous  principle,  which  renders  them  useful  for  clean- 
ing silk  fabrics. 

(Calycanthace^  form  a  small  Order,  consisting  of  shrubs  with  oppo- 
site entire  leaves,  without  stipules ;  sepals  and  petals  similar  and  indefinite ; 
anthers  adnate  and  extrorse;  cotyledons  convolute;  otherwise  likeRosacese. 
The  species  are  natives  of  North  America  and  Japan,  and  are  chiefly  re- 
markable for  the  peculiarity  of  their  floral  envelopes,  the  coloured  bracts 
of  the  peduncle  passing  insensibly  or  undistinguishably  into  the  calyx,  and 
this  into  the  corolla ;  the  segments  of  both  are  inserted  on  a  fleshy  tube 
supporting  the  stamens  and  surrounding  the  carpels ;  convoluted  cotyle- 
dons are  only  found  in  one  Rosaceous  plant,  Chamcemeles  {Pomece),  but  are 
characteristic  of  CombretaceaB.  Calycanths  stand  between  the  Rosacea? 
and  the  Myrtaceie,  and  have, perhaps,  a  distant  resemblance  to  Magnoliaceas, 
tike  that  of  Rosacea?  to  Ranunculacese.  Baillon  places  them  with  Moni- 
miads.  Their  wood  is  curious,  the  stem  having  four  false  woody  axes 
around  the  real  axis,  giving  the  stem  a  quadrangular  character.  The  chief 
property  is  fragrance  of  the  blossom.  Chimonantlms  produces  yellow 
flowers  upon  the  leafless  branches  during  the  winter.  Calycanthus  Jloridus 
has  an  aromatic  bark.) 

Order  LVII.  MYRTACEvE.    The  Myrtle  Order. 

Class.  Myrtifloraj,  Midi.    All.  Myrtales,  Lindl.    Coh.  Myrtales,  JBenth. 

et  Hook. 

414.  Diagnosis. — Trees  or  shrubs  with  leaves  opposite  or  alternate, 
entire,  usually  dotted,  and  with  a  submarginal  vein ;  flowers  usually 


2b'4 


SYSTEMATIC  fiOTANY. 


axillary,  polypotalous  or  apctalous  ;  calyx  adherent,  4-5-cleft,  val- 
vate  or  imbricate,  sometimos  falling  off  like  a  cap  ;  petals  4-5,  im- 
bricated ;  stamens  8-10  or  numerous,  rarely  4-5,  distinct  or  poly- 
adelphous ;  ovary  1-,  2-,  4-,  5-,  or  6-celled  ;  style  and  stigma  simple  ; 
placentas  axile ;  seeds  usually  indefinite,  oxalbuminous ;  fruit  dry 
or  succulent,  dehiscent  or  indehiscent. 

ILLUSTRATIVE  GENERA. 


Tribe  1.  Leptosperme2E.  Fruit 
capsular. 

Melaleuca,  L. 
Eucalyptus,  Herit. 
Metrosideros,  It.  Br. 
Bseckia,  L. 


Tribe  2.  Myrte2E.  Fruit  bac- 
cate. 

Pimica,  L. 
Psidium,  L. 
Myrtus,  Tournef. 
Eugenia,  Michel. 


Affinities. — This  Order  is  nearly  related  to  the  Rosacea?  on  the  one 
hand,  and  to  the  Melastomaceaa,  Lythracese,  and  Onagracea?  on  the  other. 
The  Lecythidacea3,  the  Chaniselauciaceae,  and  some  other  smaller  Orders 
mentioned  below  are  often  combined  with  the  Myrtaceae;  but  as  the 
plants  belonging  to  them  are  less  interesting,  or  less  frequently  seen,  it  is 
convenient  here  to  exclude  them,  in  order  to  retain  a  very  definite  chiiracter 
for  the  Myrtacete  proper.  This  Order  is  generally  known  anions  epigy- 
nous  forms  by  the  vein  running  round  within  the  margin  of  the  simple, 
entire,  and  mostly  opposite  leaves,  uniting  with  the  midrib  at  the  end, 
together  with  the  transparent  glandular  dots  and  the  absence  of  stipules 
and  of  appendages  to  the  anthers.  The  fruit  of  Punic.a  is  very  curious, 
and  presents  unusual  conditions — a  double  circle  of  carpels,  which  by  the 
mode  of  growth  of  the  excavated  receptacle  come  to  he  placed  one  above 
another,  so  as  to  present  two  tier3  of  loculi  in  the  fruit.  The  real  nature  of 
the  structure  may  be  conceived  by  comparing  it  with  the  Rose,  and  by 
supposing  the  achenes  of  the  latter  to  become  enlarged  loculi  containing 
pulp.  Bentham  and  Hooker  put  this  genus  into  Lythraceae ;  but  its  affinities 
seem  rather  with  Myrtles,  of  which  it  forms  an  anomalous  genus. 

Distribution. — A  large  Order,  the  members  of  which  are  distributed 
throughout  tropical  and  subtropical  climates. 

Qualities  and  Uses. — Generally  aromatic  from  the  presence  of  a  volatile 
oil,  some  astringent,  and  others  yielding  gums  or  saccharine  juices.  The 
Myrtece  are  remarkable  for  their  aromatic  properties :  thus  Caryophyllus 
aromaticus  furnishes  the  Cloves  used  for  spice,  consisting  of  the  dried 
unopened  flower-buds ;  Eugenia  Pimento  and  E.  acris  Allspice  or  Pimento, 
consisting  of  the  dried  fruits :  the  buds  and  berries  of  the  common  Myrtle 
were  used  in  a  similar  manner  by  the  ancients.  This  tribe  also  affords 
excellent  fruits :  the  Guavas  are  yielded  by  species  of  Psidium,  chiefly 
pomiferum  and  pyriferum;  the  Rose-apples  by  Eugenia  malaccensis,  Jambos, 
aque'a,  &c. ;  the  Pomegranate,  Pimica  Granatum,  the  rind  of  which  is  also 
valuable  for  its  astringent  properties,  which  cause  it  to  be  used  both 
medicinally  and  for  tanning.  Among  the  Leptospermea,  the  Cajcput, 
Melaleuca  'Cajeputi,  is  well  known  for  its  acrid  volatile  oil,  obtained  by 
distillation  from  the  leaves.  MeWotideros  is  a  genus  some  of  the  species 
of  which  form  very  striking  features  in  the  vegetation  of  New  Zealand, 
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M.  buxifolia  and  other  species,  called  Aki,  Rata,  &c,  overgrowing  trees, 
like  the  Ficus  inclica,  and  themselves  ultimately  becoming  exceedingly 
hard-wooded  trees.  The  Eucalypti  of  Australia  are  still  more  remarkable 
in  many  respects :  some  of  them  attain  a  height  of  200  feet  or  more,  and 
a  diameter  of  10  to  15,  rising  to  100  or  150  feet  clear  of  branches.  Ine 
bark  of  some  of  them  separates  in  fibrous  layers,  whence  they  have  derived 
the  common  name  of  Stringy-barks.  They  are  also  called  Gum-trees, 
from  containing  a  gummy  or  saccharine  sap,  occasionally  of  astringent 
character.  E.  robusta  secretes  a  red  gum  in  the  interior  of  the  trunk ; 
from  E.  mannifera  a  saccharine  substance  like  manna  is  obtained.  E.  Gunnii 
yields,  when  tapped,  a  sweet  fluid,  which  is  fermented  into  a  kind  of  beer. 
E.  rcsinifera  furnishes  an  astringent  substance  known  as  Botany-Bay 
Kino.  Other  species  also  contain  a  sufficient  quantity  of  tannin  to  be  of 
commercial  importance.  The  leaves  of  some  species  of  Leptospermum  and 
Melaleuca  are  used  for  Tea  in  the  Australian  colonies. 

Many  of  the  Myrtacese  are  cultivated  on  account  of  their  beauty.  The 
common  Myrtle,  a  native  of  Persia,  naturalized  in  Southern  Europe,  bears 
our  winters,  and  flowers  out  of  doors  in  the  south-west  of  England.  It 
affords  many  beautiful  varieties  in  cultivation.  The  species  of  Metrosideros, 
CaUistenion,  &c,  sometimes  called  Bottle-brush  plants,  have  very  curious 
and  showy  blossoms.  The  Pomegranate  flowers  and  fruits  in  sheltered 
places,  and  bears  a  very  brilliant  blossom. 

(Lecythidace^;  are  chiefly  distinguished  from  the  Myrtacea?  (with 
which  they  are  united  by  Bentham)  by  the  dotless  foliage  and  the  hood- 
like petaloid  plate,  consisting  of  concrete  stamens,  covering  the  middle 
of  the  flower.  The  species  are  usually  large  trees  ;  their  fruit  is  very  re- 
markable, consisting  of  a  large  woody  case,  the  top  of  which  sometimes 
separates  like  a  lid  (Lecythis),  whence  they  have  been  called  Monkey- 
pots.  They  are  chiefly  found  in  Guiana  and  Brazil.  The  Brazil-nuts  of 
commerce  are  the  seeds  of  Bertholletia  excelsa,  and  are  formed  inside  a 
large  round  woody  seed-vessel.  Couroitpita  yuianensis,  the  Cannon-ball 
tree,  yields  a  fruit  containing  a  pulp  agreeable  when  fresh ;  the  shells, 
like  the  "  pots "  of  Lecythis,  are  used  for  domestic  purposes.  The 
bark  of  Lecythis  Ollaria  and  other  species  is  separable  into  fine  papery 
layers,  used  for  wrapping  cigars.  L.  Ollaria  is  one  of  the  giants  of  the 
Brazilian  forests ;  its  seeds  are  called  Sapucaya-nuts.) 

(Bareingtoniaceje  are  a  small  Order  of  tropical  trees  and  shrubs, 
placed  by  most  authors  among  or  near  the  Myrtacese :  their  foliage  agrees 
rather  with  that  of  Lecythidaceas,  although  without  stipules ;  but  their 
flowers  are  destitute  of  the  hood.  The  structure  of  their  seeds  has  been 
misunderstood :  they  are  destitute  of  albumen,  and  consist  chiefly  of  a  large 
axis  with  minute  cotyledons.  They  appear  to  have  dangerous  qualities. 
Ilumboldt  and  Bonpland  relate  that  when  the  fruit  of  Gustavia  speciosa 
is  eaten  by  children  their  skin  becomes  yellow,  but  the  discoloration  dis- 
appears in  a  day  or  two  without  any  treatment.  Barrmgtonia  and  Gus- 
tavia are  met  with  in  cultivation  as  large  and  showy  stove-shrubs.) 

(CHAMiELAUCiACE^E  are  a  group  of  Australian  shrubs,  of  heath-like 
aspect,  distinguished  from  Myrtaceoe  proper  chiefly  by  the  fringe  of  scales 
or  bristles  which  frequently  surrounds  the  tube  of  the  calyx  (whence  the 
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name  of  Fringe-myrtles),  and  by  the  1-celled  (rarely  2-seeded)  ovary.  They 
have  no  known  utility.  Genera:  Chamcelaucium,  Desf. ;  Darwinia,  Rudge ; 
Cult/lri.r,  Labill.  Some  of  the  species  are  very  ornamental  as  greenhouse 
plants,  as  the  Dartvinias  (Hedaroma)  &c.) 

(Belvisia  CEiE  consist  of  a  few  species  of  handsome  shrubs,  belonging 
to  the  genera  Napoleona,  Palis.,  and  Astcranthos,  Desf.,  formerly  supposed 
to  be  related  to  Cucurbitacese  and  Passifloraceaj,  but  apparently  only 
forms  of  Myrtacese  remarkable  for  the  several  concentric  gamopetalous 
circles  of  the  corolla  (or  corona),  the  polyadelphous  stamens,  and  flat 
stigma.  Napoleona  imperialis  forms  a  large  fruit,  with  an  edible  pulp  and 
a  rind  containing  much  tannin.  The  structure  of  the  flower  is  curious 
and  interesting.    They  are  natives  of  tropical  Africa  and  Brazil.) 

Order  LVIII.  RHIZOPHORACEiE.  Mangroves. 

Class.  Calycifloree,  Endl.    All.  Myrtales,  Lindl.    Coh.  Myrtales,  Beiith. 

et  Hook. 

415.  Diagnosis. — Trees  or  shrubs  growing  on  muddy  sea-shores  (fig.  369), 
with  opposite  leaves  and  deciduous  convolute  interpetiolar  stipules; 

Fig.  369. 


flowers  with  an  adherent  calyx,  4-12-lobed,  the  lobes  sometimes  coherent, 
valvate ;  petals  equal  to  the  calyx-lobes  in  number,  springing  from  the 
calyx  ;  stamens  perigvnous,  twice  or  thrice  as  many  as  the  petals ;  ovary 
2-  3-  or  4-celled,  each  cell  with  2  or  more  pendulous  ovules ;  iruit  1 -seeded, 
crowned  by  the  calyx;  seeds  exalbuminous,  germinating  and  forming  a 
very  long  root  before  the  fruit  fulls  from  the  tree. 


CALYCIFLORiE. 
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Illustrative  Genera. 
Rhizophora,  Lam.     |     Bruguiera,  Lam. 

Affinities,  &c— This  small  but  interesting  Order  consists  of  about  20 
species,  of  very  distinct  habit,  but  somewhat  complicated  in  their  atfmi- 
ties,  agreeing  with  the  Myrtaceoe,  Melastomacese,  Vochysiaceaj,  and  Com- 
bretacetE  in  many  respects,  while  there  is  a  relation  with  Lythraceae, 
Cunoniacete,  &c.  in  others  ;  Endlicher,  as  well  as  Bentham  and  Hooker, 
place  here  Cassipourea  and  Legnutis,  which  connect  this  Order  with  the 
last  two ;  Lindley  refers  the  'Cassipourece  or  Legnotida  to  the  Loganial 
Alliance. 

The  striking  feature  of  this  Order  is  the  germination  of  the  seeds  within 
the  fruit  while  still  attached,  the  roots  usually  descending  to  the  mud 
and  establishing  themselves  before  the  plumule  emerges.  The  trees  also 
continually  send  out  arching  adventitious  roots,  which  strike  and  become 
new  trunks,  like  those  of  the  Ficus  inclica,  forming  the  Mangrove-swamps 
of  tropical  estuaries.  The  fruit  of  Rhizophora  Mangle  is  edible.  The 
bark  is  generally  very  astringent  in  this  family.  The  wood  of  the  radicles 
contains  curiously  branched  wood-  or  liber-cells. 


Order  LIX.  VOCHYSIACE.E. 

Class.  Calyciflorae,  Endl.    All.  Sapindales,  Lindl.    Coh.  Polygalinae, 

Benth.  et  Hook. 

416.  Diagnosis. — Trees  or  shrubs,  with  resinous  juice  and  mostly  oppo- 
site entire  leaves,  with  glands  or  stipules  at  the  base;  flowers  perfect, 
irregular ;  calyx  and  corolla  imbricated,  of  unequal  pieces ;  stamens  1-5, 
usually  opposite  the  petals,  arising  from  the  bottom  of  the  calyx,  mostly 
only  one  fertile,  with  an  ovate  4-celled  anther ;  ovary  free,  or  partly  ad- 
herent, 3-celled,  with  axile  placentas,  or  1-celled  with  2  basilar  ovules; 
seeds  usually  winged,  without  albumen. 

Illustrative  Genera. 
Qualea,  Anbl.     |     Vochysia,  Juss.     |     Salvertia,  St.-Hil. 

Affinities,  &c. — A  small  Order,  the  members  of  which  are  natives  of  the 
equinoctial  regions  of  America,  and  are  known  chiefly  as  timber-trees, 
often  with  large  showy  blossoms.  Their  affinities  are  obscure.  Some 
authors  regard  them  as  related  to  the  Chisiacese,  others  to  the  Violacese 
and  the  Polygalaceoe,  near  which  latter  they  are  placed  by  Bentham  and 
Hooker.  On  account  of  their  calyciflorous  structure  they  are  usually 
placed  near  Conibretacese. 


Order  LX.  COMBKETACEiE. 

Class.  Calyciflorae,  Endl.    All.  Myrtales,  Lindl.    Coh.  Myrtales,  Benth. 

et  Hook. 

417.  Diagnosis.— Trees  or  shrubs,  with  alternate  or  opposite,  exstipulate 
leaves,  not  dotted ;  flowers  perfect  or  diclinous  by  abortion  ;  calyx  adhe- 
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rent,  with  a  4-5-lobcd  deciduous  limb ;  petals  5,  calyciflorous,  or  absent ; 
stamens  perigynous,  5, 10,  or  15, mostly  10;  ovary  1-celled,  with  2-4  pen- 
dulous ovules ;  stylo  and  stigma  simple ;  seeds  exalbuminous ;  cotyledons 
convolute. 

Illustrative  Geneba. 


Tribe  1.  Terminalie^.  Usually 
apetalous ;  cotyledons  convolute. 
Bucida,  L. 
Terminalia,  L. 
Pentaptera,  Moxb. 
Tribe  2.  Combbete2e.  Corolla 
present ;  cotyledons  plaited. 


Combretum,  Loffl. 

Quisqualis,  Humph. 
Tribe  3.  Gybocabpe-iE.  Apeta- 
lous ;  cotyledons  convolute ;  anthers 
bursting  by  recurved  valves. 

Gyrocarpus,  Jacq. 

Iliigera,  Bl. 


Affinities. — -Related  to  Myrtaceas,  especially  through  Tunica,  but  distin- 
guished clearly  by  the  unilocular  ovary  and  1-seeded  fruit.  The  structure 
of  the  flower  allies  the  Order  to  Onagracese  and  Rhizophoraceaa ;  the  ape- 
talous forms  approximate  in  some  degree  to  the  Santalacese  and  Lau- 
raceae. 

Distribution. — An  Order  comprising  upwards  of  200  species,  generally 
distributed  throughout  the  tropics. 

Qualities  and  Uses. — The  general  property  is  astringency.  The  barks 
of  Bucida  Buceras  and  Conocarpus  racemosa  and  of  various  Terminalia  are 
used  for  tanning.  The  fruit  of  Terminalia  belerica,  the  Myrobalan,  is 
astringent  and  tonic.  A  kind  of  gum  is  obtained  from  the  bark  of  T.  bele- 
rica and  Combretum  alternifolium.  T.  Benzoin  has  a  milky  juice,  which 
hardens  into  a  fragrant  gum-resin,  used  as  incense  in  the  Mauritius.  The 
seeds  of  T.  Catappa  are  eaten  like  almonds.  Many  of  the  plants  are  valu- 
able timber-trees ;  and  a  number  are  cultivated  on  account  of  their  showy 
flowers. 

( Alangiace^!  are  a  small  Order  of  exotic  plants,  timber-trees,  or  shrubs 
allied  to  Coinbretacese,  but  having  albuminous  seeds  with  large  leafy 
cotyledons,  and  there  are  differences  in  the  corolla  and  stamens.  Lindley 
considers  the  plants  related  in  some  degree  to  Myrtaceaa,  Melastomaeere, 
and  Onagraceaa,  but,  with  Endlicher,  thinks  that,  after  Coinbretaceaj,  then- 
nearest  relatives  are  probably  Cornacese  and  Hanianielacete ;  Bentham  and 
Hooker  group  them  with  CornaceEe.  The  succulent  fruits  are  edible,  but 
the  plants  on  the  whole  are  of  little  importance.  Genera :  Alangium,  L. ; 
Marlea,  Roxb. :  Nyssa,  Gronov.,  &c.) 


Order  LXI.  MELASTOMACEjE. 

Class.  MyrtiHoras,  Endl.    All.  Myrtales,  Lindl,    Coh.  Myrtales,  Benth. 

et  Hook. 

418.  Biaqnosis.— Myrtle-like  plants,  with  opposite  curved-ribbed  leaves, 
showv  flowers,  deBiiite  stamens  with  remarkable  appendaged  anthers, 
bursting  by  pores  at  the  apex.  Seeds  very  numerous,  minute,  ex- 
albuminous. 
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Centradenia,  Don. 
Melastoma,  L. 
Osbeckia,  L. 


Illustrative  Genera. 

Rkexia,  Nutt.  Miconia,  DC. 

Medinilla,  Gaudich.  Memecylon,  L. 
Sonerila,  Roxb.  Mouriria,  Juss. 

Affinities.— A  large  proportion  of  these  plants  are  distinguishable  at  first 
sight  by  the  several  large  curved  ribs  running  from  the  base  to  the  apex 
of  the  leaves;  but  this  character  does  not  hold  in  Memecylon  or  in 
Mouriria.  In  Memecylete,  also,  the  usually  fiat  cotyledons  are  convoluted, 
as  in  Combretaceae  and  exceptional  Myrtaceae ;  Mouriria  has  the  ribs  of 
the  leaves  inconspicuous.  The  most  striking  character  of  the  flower  lies 
in  the  stamens  with  their  oddly  beaked  anthers.  But  the  Order  differs 
from  the  Myrtaceae  also  in  the  contorted  aestivation  of  the  corolla. 
On  the  other  hand,  they  are  allied  to  the  Lagerstrcemiece  among  the 
Lythraceae,  from  which,  however,  the  imbricate  or  twisted  aestivation 
of  the  calyx  and  the  characters  ahove  noted  sufficiently  distinguish 
them. 

Distribution.— A  large  Order,  the  species  of  which  are  generally  diffused 
within  the  tropics — a  few  also  in  North  America,  China,  Australia,  and 
N.  India. 

Qualities  and  Uses. — The  members  of  this  large  Order  seem  to  be  all 
harmless ;  and  the  prevailing  character  is  slight  astringency.  Many  yield 
edible  succulent  fruits ;  the  name  of  Melastoma  is  derived  from  the  fruit 
staining  the  mouth  black.  The  most  striking  peculiarities  ahout  the  Order 
are,  perhaps,  the  beauty  of  the  flowers,  and  the  curious  ribbed  appear- 
ance of  the  foliage.  A  large  number  of  species  are  cultivated  in  this 
country,  some  as  ornamental-foliage  plants,  others  for  the  sake  of  their 
flowers. 


Ordek  LXII.  ONAGRACE^E.    The  Evening-Primrose 

Order. 

Class.  Calyciflorae,  Endl.    All.  Myrtales,  Lindl.    Coh.  Myrtales,  Benth. 

et  Hook. 

419.  Diagnosis. — Herbs  or  shruhs,  with  4-merous  (sometimes  2-3-me- 
rous)  flowers ;  the  tube  of  the  calyx  (of  the  receptacle)  adhering  to  the 
2-4-celled  ovary,  calyx- teeth valvate  in  the  hud,  or  obsolete ;  the  epigynous 
petals  convolute ;  stamens  as  many,  or  twice  as  many,  as  the  petals,  and 
inserted  with  them ;  ovary  2-4-celled ;  styles  united  ;  stigma  capitate  or 
4-lobed ;  fruit  capsular  or  succulent,  with  2-4  cells ;  seeds  numerous, 
without  albumen. 

Illustrative  Genera. 


Oenothera,  L. 
Godetia,  Spach. 
Clarkia,  Pursh. 


Epilobium,  L. 
Skinnera,  Forst. 
Fuchsia,  Plum. 


Lopezia,  Cav. 
Circaea,  Tourncf. 
Trapa,  L. 


Affinities.— Onagrads  are  allied  to  Halorageae,  but  differ  in  their  often 
coloured  calyx,  absence  of  albumen,  and  simple  style,  from  Trapa  in  their 
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convolute  imbricate  corolla,  from  Combretacese  by  their  plurilocular 
ovary.  The  parts  of  the  flower  in  this  Order  are  sometimes  2-merous — 
Circeea,  while  in  Lopezia  only  one  stamen  exists.  Sometimes  the  petals 
are  absent ;  and  occasionally  the  flowers  are  unisexual.  Trapa  is  a  genus  of 
water-plants  sometimes  placed  with  Haloragacea?,  from  which,  however, 
its  single  style  and  exalbuminous  embryo  separate  it.  The  floating  leavea 
are  flat,  wedge-shaped,  and  entire,  while  the  submerged  ones  are  cut  up 
into  numerous  very  fine  segments.  The  germination  of  Trapa  resembles 
that  of  some  endogenous  plants. 

Distribution. — The  Order  consists  of  a  considerable  number  of  species, 
natives  chiefly  of  the  temperate  parts  of  Europe,  North  America,  and 
India. 

Qualities  and  Uses. — Harmless,  sometimes  sligbtly  astringent.  The 
berries  of  some  Fuchsias  are  edible.  They  are  best  known  by  the  nume- 
rous garden  plants  belonging  to  the  Order,  most  of  which  are  very  showy. 
Epilobium  bas  many  native  species,  which  are  mostly  weeds.  E.  angusti- 
folium,  however,  and  E.  hirsutum  are  tall  and  handsome  plants.  Some 
of  the  CEnotherce  are  called  Evening-Primroses,  from  the  yellow  flowers 
opening  in  the  evening.  Trapa  produces  a  large  borned  fruit  with  amygda- 
loid seeds  with  unequal  cotyledons.  T.  nutans  is  the  Water-chestnut  of 
the  French.  The  seeds  of  T.  bispinosa,  the  Singhara-nut  (Kashmir),  and 
T.  bicornis  (China)  furnish  important  articles  of  food. 


Order  LXIII.  HALORAGACEtE. 


Class.  Calyciflorse,  Endl.    All.  Myrtales,  Lindl.    Coh.  Rosales,  Benth. 

et  Hook. 

420.  Diagnosis. — Aquatic  plants,with  small  axillary  2-4-merous  flowers, 
often  imperfect :  calyx  adherent,  its  teeth  obsolete  ;  petals  often  wanting ; 
stamens  1-8  ;  fruit  indehiscent,  1-4-celled,  with  a  solitary  suspended  seed 
in  each  cell ;  albumen  fleshy. 

Illtjsteative  Geneba. 
Hippuris,  L.    |   Myriophyllum,  Vaill.   |   Haloragis,  Forst. 

Affinities,  &c— The  Haloragacere  are  distinguished  from  Onagracese  by 
the  reduced  calyx  and  the  solitary  pendulous  and  albuminous  seeds ;  the 
corolla  is  absent  from  Hippuris  and  Proserpinaca.  The  former  genus  has 
a  very  simple  flower,  consisting  merely  of  an  adherent,  calyx  with  a  very 
short  limb,  an  ovary  of  one  carpel,  and  a  single  stamen.  The  whorled 
foliage  of  Hippuris  and  the  Mgriophylla  is  very  curious,  giving  the  first 
somewhat  the  appearance  of  an  Equisetum,  while  the  latter  are  almost  like 
some  of  the  branched  freshwater  Alg»3.  Most  of  the  Order  are  aquatic ; 
but  Haloragis  and  Loudonia  are  terrestrial  and  move  or  less  shrubby. 
They  are  universally  diffused,  but  generally  of  little  importance. 
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Order  LXIV;  LYTHRACE^. 

Class.  Calycifloras,  Endl.    All.  Saxifragales,  Lindl.    Coh.  Myrtales, 

Benth.  et  Hook. 

421.  Diaqnosis.— Herbs,  shrubs,  or  trees,  with  mostly  opposite  entire 
leaves;  no 'stipules;  the  calyx  enclosing,  but  freefrom,  the  1-4-celled, 
many-seeded  ovary  and  membranous  pod,  and  bearing  the  4-7  deciduous 
corrugated  petals  and  4-14  stamens  in  its  throat,  calyx-lobes  valvate, 
the  stamens  lower  down ;  style  1 ;  stigma  capitate,  or  rarely  2-lobed ; 
capsule  enclosed  in  the  calyx,  dehiscent  ;  seeds  numerous,  exalbumi- 


nous. 

Illustrative  Genera. 


Peplis,  L. 
Ammannia,  Houst. 


Lythrum,  L. 
Cuphea,  Jacq. 


Lawsonia,  L. 
Lagerstrcemia,  L. 


Affinities. — In  habit,  as  also  in  the  striated  calyx,  these  plants  have  some 
slight  resemblance  to  Labiatre ;  but  their  nearest  relations  are,  on  one  side, 
with  several  Calycifloral  Orders  (from  which,  as  Onagracete  and  Melasto- 
maceas,  they  differ  most  strikingly  in  the  superior  position  of  the  ovary), 
and  on  the  other  with  SaxifragaceaB.  From  Rhizophoreas  they  differ  in 
their  want  of  stipules  and  in  their  numerous  ovules.  From  Myrtles, 
besides  the  above  characters,  they  may  be  distinguished  by  their  valvate 
calyx. 

Distribution. — A  considerable  Order,  the  members  of  which  are  generally 
diffused,  the  tribe  Lagerstreemiece  tropical.  Lythrum  Salicaria,  a  common 
British  plant,  is  remarkable  for  being  found  as  the  only  representative  of 
the  Order  in  Australia.  Its  flowers  are,  according  to  Darwin,  trimorphic, 
the  stamens  and  styles  being  of  three  different  lengths ;  two  of  these  forms 
coexist  in  the  same  flower,  and  have  different  sexual  functions. 

Qualities  and  Uses. — Many  of  the  plants  have  astringent  properties ; 
several  are  valuable  as  dyes.  Lawsonia  inermis  is  the  celebrated  Hennah 
or  Henne  of  the  East,  used  by  women  to  dye  their  finger-nails,  hands,  or 
feet  of  a  brown-orange  colour ;  it  is  also  used  for  dyeing  Morocco-leather. 
The  flowers  of  Grislea  tomentosa  are  also  used  for  dyeing  in  India.  Am- 
mannia vesicatoria  is  acrid,  and  has  blistering  properties.  Physocalymma 
floribunda,  a  Brazilian  tree,  has  a  beautiful  rose-coloured  wood.  Cuphea 
contains  many  favourite  cultivated  species.  Bentham  and  Hooker  place 
Tunica  (the  Pomegranate)  in  this  Order ;  but  it  would  seem  to  belong  more 
nearly  to  the  Myrtles. 


Order  LXV.  SAXIFRAGACEiE.  Saxifrages. 

Class.  Corniculataa,  Endl.    All.  Saxifragales  and  All.  Grossales,  Lindl. 
Coh.  Rosales,  Benth.  et  Hook. 

422.  Diagnosis. — Herbs,  shrubs,  or  trees,  with,  the  pistils  mostly 
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Fig.  370.  Section  of 
the  flower  of 
Suxifraga. 


fewer  than  the  petals  or  divisions  of  the  calyx  (usually  2,  coherent 
below,  and  separate  or  separating  above)  ;  the  petals 
sometimes  wanting),  with  the  (mostly  4—10)  sta- 
mens, inserted  on  the  calyx,  which  is  either  free 
or  more  or  less  adherent  to  the  1-4- celled  ovary 
(fig.  370). 

Character. 

Calyx  5-parted,  more  rarely  3-,  4-,  or  10-parted, 
more  or  less  adherent  to  the  ovary. 

Corolla  :  petals  imbricate,  perigynous,  equal  in 
number  to  the  segments  of  the  calyx,  and  al- 
ternate with  them,  rarely  absent. 

Stamens  inserted  with  the  petals,  equal  in  num- 
ber to  them  and  alternate,  twice  as  many,  or  indefinite. 

Ovary  mostly  of  2  carpels,  more  rarely  of  3  or  4  or  5,  more  or  less 
united  into  a  2-  or  more-celled  ovary,  usually  half  or  wholly 
inferior ;  placentas  axile  ;  styles  as  many  as  the  cells  of  the  ovary ; 
more  or  less  coherent. 
Fruit  usually  capsular,  dehiscent :  seeds  mostly  numerous,  small, 
with  fleshy  albumen. 

This  extensive  group  of  plants  is  divisible  into  four  Suborders, 
which  are  by  some  authors  regarded  as  distinct  Orders  : — 

1.  Saxifrages.  Herbs  :  stipules  absent  or  adnate  ;  petals  imbri- 
cated, or  rarely  convolute  in  the  bud ;  calyx  free,  or  partly  adherent, 
ovary  1-3-celled. 

2.  Escallonie-ZE.  Shrubs  with  alternate  simple  glandular  leaves 
and  no  stipules  ;  calyx  imbricated  in  the  bud. 

3.  Philauelphes.  Shrubs  with  opposite  simple  leaves  and  no 
stipules ;  calyx  valvate  ;  stamens  epigynous. 

4.  CuNONiEiE.  Trees  or  shrubs  with  opposite  or  whorled,  simple 
or  compound  leaves,  and  large  interpetiolar  stipules ;  petals  never 
valvate. 

Illustrative  Genera. 


Suborder  3.  Philadelphes. 
Philadelphia,  L. 
Deutzia,  Thunb. 
Hydrangea,  L. 
Suborder  4.  Cunonte.s:. 
Cunonia,  L. 


Suborder  1.  Saxifrages. 
Saxifraga,  L. 

Suborder  2.  EscALLONiEiE. 
Escallonia,  Mutis. 

Affinities —The  relations  of  this  Order  are  somewhat  complicated,  in 
consequence  of  the  variety  of  conditions  existing  among  the  genera.  The 
herbaceous  Saxifraqccc  are  related  to  the  Crassulaceno  m  several  respects, 
but  differ  in  habit  and  in  the  absence  of  hypogynous  glands— and  also  to 
the  Rosacea;,  through  Bpiraa,  Artilbc,  &c. ;  from  these,  Deutzia  leads  to  the 
shrubby  forms,  where  Philadclplnts  manifestly  approaches  the  Myrfcace», 
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while  the  inflorescence  of  Hydrangea  is  like  that  of  some  Capnfoliaceae. 
The  Cunoniece  are  scarcely  distinguished,  except  by  habit,  from  the  Saxi- 
frage*;  the  EscaUonie*,  passing  off  from  the  Philadelphece,  ate  related  to 
Ribesiaceoa,  and  more  distantly  to  those  Ericaceae  with  an  inferior  ovary. 
Bruniacere  differ  in  their  dicoccous  fruit  j  Saxifragacese  are  closely  allied 
to  Lythraceas,  but  in  the  latter  the  embryo  is  exalbuminous.  Pamassia 
is  referred  here  by  Hooker,  but  seems  more  closely  to  resemble  Hyperi- 
caceaa.  The  Australian  Pitcher-plant  (Cephalotus  follicularis),  the  leaves 
of  which  are  tubular,  with  a  lid  closing  the  tube,  belongs  to  a  genus  closely 
allied  to  Saxifrages,  especially  to  the  apetalous  ones.  From  Rosacese  it 
differs  in  the  presence  of  albumen  in  the  seed. 

Distribution. — A  large  group ;  the  Saxifragece  are  northern  and  alpine 
plants ;  the  Escalloniece  are  chiefly  mountain  plants  of  South  America ; 
the  Philadelphece  belong  to  South  Europe  and  the  temperate  regions  of 
Asia  and  America ;  the  Cunoniece  occur  in  the  East  Indies,  the  Cape,  Aus- 
tralia, and  South  America. 

Qualities  and  Uses. — No  important  properties  are  attributed  to  this 
Order ;  a  certain  degree  of  astringency  prevails  in  Saxifragece  and  Cuno- 
niece. Their  chief  merit  consists  in  the  beauty  of  the  many  cultivated 
species  of  alpine  herbs,  and  of  the  hardy  and  half-hardy  flowering  shrubs. 
The  Saxifrages,  Deutzia,  Heuehera,  and  JEscallonia,  Hydrangea,  and  others 
are  familiar  to  every  one.  Philadelphia  coronarius,  the  "  Syringa  "  or  Mock- 
Orange  of  our  shrubberies,  a  native  of  the  south  of  Europe,  is  remarkable 
both  for  the  beautiful  flowers  (the  sweet  perfume  of  which  depends  on  the 
presence  of  an  essential  oil)  and  the  peculiar  flavour  of  the  foliage,  re- 
sembling that  of  the  cucumber. 

(The  genus Hemlovia, Wall.,  once  considered  to  be  allied  to  Saxifragacese, 
turns  out  to  be  identical  with  Crypteronia,  Blume,  which  is  included 
in  Lythracese  by  Benthani  and  Hooker.  The  genus  consists  of  three  or 
four  trees  of  tropical  India,  related  apparently  to  Philadelphece,  by  Hy- 
drangea, and  more  closely  with  Brexiacese,  but  that  they  have  opposite 
leaves.    In  habit  they  resemble  Caprifolium.) 

(FitANCOACE^:  is  an  Order  composed  of  Chilian  herbs  with  the  habit  of 
Saxifrages,  and  flowers  4-merous  throughout  calyx,  corolla,  stamens  (in 
several  circles),  and  carpels.  Some  authors  consider  them  nearest  to 
Saxifragacese,  others  to  Crassulaceae,  others  to  Rosacese  ;  Lindley  believes 
their  nearest  affinity  is  to  Droseracese.    Genera  :  Francoa,  Cav. ;  Tetilla, 


Order  LXVI.  CRASSULACEiE.  The  Stone-crop  Order. 

Class.  Corniculataj,  Endl.    All.  Violales,  Lindl.    Coh.  Rosales,  Benth. 

el  Hook. 

423.  Diagnosis. — Succulent  herbs  or  low  shrubs  with,  perfectly 
symmetrical  flowers,  the  petals  and  pistils  equalling  the  sepals  in 
number  (3-20),  and  the  stamens  as  many  or  twice  as  many :  albumen 
fleshy. 
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Character. 

Calyx  free,  mostly  5-partcd,  rarely  3-10-partcd,  imbricated  in  the 
bud,  persistent. 

Corolla :  petals  as  many  as  tbe  lobes  of  the  calyx  and  alternate  with 

them,  distinct  or  united  below,  emerging  from  the  bottom  of  the 

calyx,  imbricated  in  aestivation. 
Stamens  as  many  as  the  petals  and  alternate  with  them,  or  twice  as 

many  (in  2  circles),  free  or  adherent  to  the  (coherent)  petals. 
Ovaries :  carpels  in  a  circle,  as  many  as  the  petals  and  opposite  to  them, 

often  with  a  glandular  scale  at  the  base  outside,  distinct  or  more 

or  less  coherent ;  placentas  at  the  ventral  suture ;  styles  distinct ; 

stigmas  on  the  inside. 
Fruit :  a  circle  of  dry  follicles,  or  a  capsule  bursting  at  the  dorsal 

sutures  or  by  the  separation  of  the  walls  as  valves  from  the  septa ; 

seeds  varying  in  number,  very  small ;  embryo  in  the  axis  of  fleshy 

albumen. 

Illustrative  Genera. 


Sempervivum,  L. 

Suborder  2.  DiAMOHPHEiE.  Car- 
pels coherent  into  a  pluriloeular 
capsule. 

Diamorpha,  Nutt. 

Penthorum,  L. 


Suborder  1.  Cbassuleje.  Fruits 
follicular. 

Tilhea,  Mich. 
Crassula,  Haw. 
Bryopbyllum,  Salisb. 
Cotyledon,  DC. 
Sedum,  L. 

Affinities  This  very  peculiar  Order  appears  to  be  nearly  related  to  the 

Saxifragaceoa,  especially  by  the  genera  with  capsular  fruit ;  and  on  the 
other  hand  to  Paronvchiacefe  and  hence  to  Caryophyllaeea?.  They 
are  most  remarkable  for  their  succulent  foliage,  possessed  of  a  power  of 
subsisting  almost  entirely  on  atmospheric  elements,  and  resisting  most 
obstinately  the  influence  of  heat  and  drought.  They  are  exceedingly 
tenacious  of  life ;  and  Bryophyllum  in  particular  is  celebrated  for  the  apti- 
tude of  its  leaves  to  produce  adventitious  buds  (§  109)  when  separated  and 
placed  in  favourable  circumstances.  The  symmetrical  construction  of  the 
flowers  is  likewise  very  interesting  to  the  botanist,  and  has  been  dwelt  on 
in  the  Morphological  Part  of  this  work  (§  147).  The  Houseleek,  Semper- 
vivum tectorum,  occasionally  produces  monstrous  stamens,  with  ovules  m 

place  of  pollen.  ... 

Distribution.— There  are  a  considerable  number  of  species,  generally 
found  in  the  extra-tropical  regions,  in  very  dry  situations,  and  especially 
abundant  at  the  Cape  of  Good  Hope.  . 

Qualities  and  Uses.— Their  properties  are  mostly  unimportant.  Sedum 
acre,  the  common  yellow  Biting  Stone-crop  of  our  walls,  is  so  called  from 
its  acridity,  and  is  said  to  be  emetic  and  purgative  Some  are  eaten; 
others  used  as  refrigerants.  Cotyledon  Umbilicus  has  been  used  in 
epilepsy. 
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Order  LXVII.  PARONYCHIACEiE  or  ILLECE- 
BRACE^E. 

Class.  CoryophyllimB,  Endl.    All.  Silenales,  Lindl.    Coh.  Chenopodiales. 

424.  Diagnosis.— Herts  or  shrubs  with  mostly  opposite  leaves  and  often 
scarious  stipules,  minute  flowers,  with  5-  or  more,  rarely  3-  or  4-merous 
calyx;  petals  small  or  absent;  stamens  on  the  calyx,  1-10;  ovary  1-, 
rarely  3-celled ;  ovules  numerous  on  a  free  central  placenta,  or  solitary 
on  a"  long  funiculus  from  the  base  of  the  ovary.  Seeds  albuminous ; 
embryo  curved. 

Illustrative  Genera. 

Sllboi'd.  1.  PARONYCHTE-ffi.  With 

scarious  stipules ;  stamens  opposite  the 
sepals. 

Corrigiola,  L. 
Paronychia,  Juss. 
Hie  cebrum,  G<ertn.  f. 
Polycarpon,  Loeffl. 
Spergularia,  Pers. 
Spergula,  L. 

Affinities,  &c. — This  Order  consists  of  upwards  of  a  hundred  species, 
and  may  be  regarded  as  a  degeneration  of  CaryophyllaceBe,  from  which 
they  differ  in  the  possession  of  stipules,  the  thin  petals  &c.  forming  a 
transition  to  the  apetalous  Chenopodiacese  and  Ainaranthacese.  They 
are  also  nearly  related  to  Portulacaceas,  differing  from  some  of  the  genera 
of  that  Order  only  by  the  position  of  the  stamens  opposite  the  sepals. 
Some  of  them  are  succulent,  like  the  Crassulacere,  but  are  distinguished 
by  the  structure  of  the  ovary.  They  are  mostly  valueless  weeds,  abound- 
ing in  barren  sandy  tracts  throughout  the  temperate  regions  of  the  globe. 


Subord.  2.  Scleranthe.2E.  With- 
out stipules ;  calyx  with  an  indurated 
tube;  petals  none;  stamens  opposite 
the  sepals. 

Scleranthus,  L. 

Suborder  3.  MoLLUGiNEiE.  Sta- 
mens alternate  ivith  the  sepals  tulien 
equal;  if  fewer,  alternate  with  the 
carpels. 

Mollugo,  L. 


Order  LXVIII.  PORTULACACEjE. 


Class.  Caryophyllinai,  Endl.    All.  Silenales,  Lindl.    Coh.  Caryophyllince, 

Benth.  et  Hook. 

425.  Diagnosis. — Herbs  with  succulent  leaves  and  regular  unsymmetrieal 
flowers  (sepals  fewer  than  the  petals) ;  sepals  2,  rarely  3  or  5;  petals 
mostly  5  or  0 ;  stamens  opposite  the  petals  when  of  the  same  number, 
but  often  indefinite.  Capsule  1-5-celled,  with  few  or  many  seeds  on  long 
funiculi  from  the  base,  or  on  a  free  central  placenta;  embryo  curved; 
round  floury  albumen. 

Illustrative  Genera. 


Tetragonia,  L. 
A  i /.i  inn,  L. 
Sesuvium,  L. 


Portulaca,  Tournef. 
Talinum,  Adans. 


Claytonia,  L. 
Montia,  Michel. 


Affinities,  &c — This  Order,  as  here  regarded,  has  various  relations,  and 


is 
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not  well  defined.  It  approaches  very  closely  to  Caryophyllacea?  through 
Paronychiacece,  hut  may  be  distinguished  by  the  2-parted  calyx  and  the 
number  and  position  of  the  stamens.  Like  Paronychiacese,  the  members 
of  this  Order  are  nearly  related  to  the  proper  apetalous  Orders,  Cheno- 
podiacece  &c.  Lindley  separates  the  TetragoniecB,  Aizoidece,  and  Semvieee 
in  an  Order  called  Tetragoniacese,  differing  from  Portulacaceae  in  their 
apetalous  flowers,  multilocular  ovary,  and  distinctly  perigynous  stamens. 
Portulacacese  would  thus  be  defined  chiefly  by  a  2-sepalous  calyx,  hypo- 
gynous  or  rarely  perigynous  stamens,  and  1-celled  ovary.  Bentham  and 
Hooker  refer  the  Tetragoniese  to  Mesembryanthacese,  from  which  they 
differ  in  their  apetalous  flowers.  Portulaca  is  exceptional  in  its  partially 
inferior  ovary  and  perigynous  stamens ;  hence  the  Order,  as  a  whole,  is 
considered  by  Bentham  and  Hooker  to  belong  rather  to  the  Thalaniiflorse 
than  to  the  Calyciflorfe.  The  plants  of  this  Order  are  generally  diffused, 
in  waste,  dry  places.  Portulaca  oleracea,  Purslane,  is  an  old-fashioned 
pot-herb ;  others  are  used  in  the  same  way.  Tetragonia  expansa  fur- 
nishes New-Zealand  Spinach.  Claytonia  tuberosa  has  an  edible  tuber. 
Many  have  showy  but  ephemeral  flowers.  Lewisia  rediviva  (Oregon) 
has  a  starchy  root,  used  as  food  under  the  names  of  spatidum  or  spaetlum 
and  ratine  amere ;  it  is  pungent  and  aromatic  when  raw. 


Order  LXIX.  MESEMBRYANTHACEiE  or  FICOLDEjE. 

Ice-plants. 

Class.  CaryophyllinEe.    All.  Ficoidales,  Lindl.    Coh.  Ficoidales, 

Benth.  et  Hook. 

426.  Diagnosis. — Shrubby  or  succulent  herbaceous  plants,  with  opposite 
simple  leaves ;  sepals  definite ;  petals  very  numerous ;  stamens  indefinite, 
perigynous ;  ovary  inferior  or  almost  superior,  many-celled  or  1-celled ; 
ovules  numerous,  attached  by  cords  to  a  free  central  placenta  or  to  axile 
placentas,  or  to  parietal  placentas  spreading  over  the  back  of  each  cell ; 
seeds  numerous;  embryo  curved  or  spiral,  on  the  outside  of  mealy 
albumen. 

Illustrative  Genus. 
Mesembryanthemum,  L. 

Affinities.— Very  nearly  related  to  Portulacaceaa  and  Paronychiacese. 
From  the  former  they  differ  in  the  parietal,  not  free  central  placenta, 
from  the  latter  in  the  position  of  the  stamens,  many-celled  ovary,  and 
dehiscence  of  the  capsule.  The  structure  of  the  ovary  is  curious,  pre- 
senting very  different  conditions  in  different  members  of  the  Order; 
probably  it  is  somewhat  analogous  to  that  of  Cucurbitacece,  and  the 
diverse  positions  of  the  placentas  depend  on  the  degree  of  involution  of 
the  carpels  and  the  disruption  of  the  septa.  The  parietal  placenta, 
together  with  the  presence  of  numerous  petals,  serve  to  indicate  a  rela- 
tionship to  Cactacea?.  Bentham  and  Hooker  refer  to  this  Order  Tetrago- 
nicce  (see  Portulacacero)  and  Mol/ugincce  (see  Paronychiacete).  The  plants 
are  remarkable  for  their  succulent  foliage,  accompanied  sometimes  by 


CALYCIFLORiE. 


277 


water-vesicles  or  pseudo-glands  on  the  epidermis,  whence  the  name  of 
Ice-plant  applied  to  Mescmbryanthemiim  crystallinum.  The  ripe  capsules 
are  very  hygroinetric,  the  valves  opening  when  wet  and  closing  when 
dry. 

Distribution.— A  rather  large  Order,  of  which  the  majority  belong  to 
the  sandy  tracts  of  the  Cape,  but  a  few  are  found  in  S.  Europe,  America, 
China,  and  the  South  Seas. 

Qualities  and  Uses.— The  foliage  of  M.  eclule  (Hottentots'  fig)  is  eaten 
at  the  Cape ;  M.  emarcidum  acquires  narcotic  properties  when  fermented. 
Several  are  burnt  for  the  soda-ash  in  Egypt,  Spain,  &c.  The  seeds  of 
some  yield  a  kind  of  flour. 


Order  LXX.  PAPAYACEtE.    The  Papaw  Order. 

Class.  Parietales,  Midi.    All.  Papayales,  Lindl.    Coli.  Passiflorales, 

JBenth.  et  Hook. 

427.  Diagnosis. — Trees  or  shrubs,  sometimes  with  an  acrid  milky  juice, 
alternate,  lobed,  long-stalked  leaves,  and  diclinous,  sometimes  herma- 
phrodite, dichlamydeous  flowers.  Male  fl. : — calyx  free,  minute,  with 
5  teeth ;  corolla  monopetalous,  with  5  lobes ;  stamens  definite,  epipetalous. 
Female  fl. : — Petals  5 ;  corona  filamentous  or  fimbriate,  sometimes  none ; 
ovary  free,  1-celled,  with  3-5  many-seeded  parietal  placentas ;  fruit  suc- 
culent or  dehiscent ;  embryo  in  the  axis  of  fleshy  albumen. 

Illustrative  Genera. 
Carica,  L.  Modecca,  L.     |     Ceratosicyos,  Nees. 

Affinities,  &c. — The  present  Order  stands  near  to  Cucurbitaceaa  and  to 
Passifloracere,  differing,  however,  in  important  respects  from  both, — since 
the  former  have  an  inferior  ovary  and  exalbuniinous  seeds;  the  latter, 
hermaphrodite  flowers  and  a  characteristic  coronet  arising  from  the  tube 
of  the  flower,  of  a  different  nature  to  the  staminodes  or  sterile  stamens  of 
the  present  group.  Bentham  and  Hooker  include  it  under  Passifloracese. 
The  Papaw-tree,  Carica  Papaya,  has  a  succulent  fruit,  edible  when  cooked, 
but  the  juice  of  the  unripe  fruit  and  the  seeds  appear  to  be  very  acrid. 
C.digitata  (Brazil)  is  regarded  as  a  very  deadly  poison,  and  its  juice  blisters 
the  skin.  The  species  of  Carica  are  natives  of  South  America,  the  other 
genera  are  East-Indian  or  African. 

(PANGiACEiE  are  an  Order  of  arborescent  plants  closely  related  to 
Papayacece,  differing  chiefly  in  being  polypetalous,  and  by  the  female 
flowers  having  scales  in  the  throat ;  the  number  of  parts  'in  the  floral 
circles  also  appears  more  variable.  They  constitute  a  Tribe  of  Bixacese 
in  the  '  Genera  Plantarnm  '  of  Bentham  and  Hooker.  They  are  poisonous 
plants  found  in  the  hotter  parts  of  India.  Hydnocarpus  vmenatus  is  a 
native  of  Ceylon;  its  fruit  produces  dangerous  intoxication.  The  seeds 
of  Pangivm  are  sometimes  used,  after  boiling  and  extraction  with  water 
as  a  spice,  but  even  then  have  cathartic  properties.  Genera  :  Pangium 
Keinw. ;  Gymnocarpea,  E.  Br. ;  Hydnocarpus,  Gcertn.) 


278 


SYSTEMATIC  BOTANY. 


Order  LXXI.  PASSIFLORACEiE.  Passion-Flowers. 

Class.  Parietales,  Midi.    All.  "Violales,  Lindl.    Coh.  Passiflorales, 

Benth.  et  Hook. 

428.  Diagnosis. — Climbing  plants,  rarely  erect  trees,  with  tendrils  and 
foliaceous  stipules ;  leaves  and  leaf-stalks  often  glandular ;  flowers  perfect ; 
calyx  5-parted,with  numerous  filamentous  processes  springing  from  the  tube 
of  the  flower  (receptacle),  inside  the  5  petals;  stamens  5,  monadelphous, 
adherent  to  the  stalk  of  the  1-celled  ovary,  which  latter  is  free  from  the 
calyx,  and  has  3  or  4  parietal  placentas  and  as  many  clavate  styles :  fruit 
mostly  succulent,  stalked;  seeds  numerous,  arillate;  embryo  straight, 
in  thin  fleshy  albumen. 

Illustrative  Genera. 
Smeathmannia,  Soland.    |   Passiflora,  Juss.    |   Tetrapathaea,  DC. 

Affinities. — This  Order,  which  resembles  the  Cucurbitaceas  in  habit,  has 
a  further  affinity  in  the  structure  of  the  ovary,  the  most  marked  difference 
being  the  superior  position  of  that  organ  and  the  presence  of  albumen  in 
Passion-flowers.  The  coronet  or  wreath  of  filiform  organs  between  the 
petals  and  the  stamens,  and  the  gynandrophore  bearing  the  stamens  and 
ovary,  mark  this  Order  out  very  clearly,  and  ordinarily  its  flowers  are 
perfect ;  but  the  genus  Tetrapathcea  appears  to  connect  it  by  a  further 
link  with  Cucurbitacese,  since  the  flowers  are  there  polygamous  or  even 
dioecious.  It  is  closely  allied  to  Saniydacese,  in  which,  however,  there  is 
no  corona.  From  Turnerads  it  differs  in  the  gynandrophore,  and  niarces- 
cent  not  deciduous  petals.  The  relations  to  Oapparidaceas,  Bixaceae,  and 
Violacese  are  more  remote. 

Distribution. — A.  considerable  Order  in  point  of  numbers :  the  greater 
part  are  South-American  and  West-Indian;  a  few  occur  in  North 
America,  Africa,  and  the  East  Indies. 

Qualities  and  Uses. — The  pulpy  fruits  of  many  species  of  Passiflora 
(Granadillas),  several  Tacsonice,  and  of  Paropsia  edulis  are  eaten ;  but 
astringent  properties  exist  in  the  leaves,  while  the  roots  of  Passiflora 
quadranqxdaris  and  the  flowers  of  P.  rubra  are  narcotics.  The  beauty  of 
the  flowers  and  foliage  renders  this  Order  a  very  favourite  one  in  cultiva- 
tion. Passiflora  ccerulea  is  hardy,  but  most  of  the  other  species  and  the 
Tacsonice  are  greenhouse  or  stove  climbers. 

(Malesherbiaceje  consists  of  a  few  unimportant  herbs  or  low  shrubs, 
natives  of  Chili  and  Peru,  resembling  Passifloracese  in  the  structure  of  the 
flowers ;  but  the  coronet  is  merely  a  membranous  ring,  the  styles  arise 
from  the  backs  of  the  carpels,  and  the  seeds  are  not  arillate.  Included 
as  a  Tribe  of  the  preceding  Order  by  Bentham  and  Hooker.) 

(Turnerace^i.  Herbs  or  half  shrubby  plants,  natives  of  the  Wesl 
Indies  and  South  America,  with  5-merous  (lowers,  deciduous  contorted 
petals  with  no  corona,  and  a  1-celled  superior  ovary  with  3  parietal 
placentas :  seeds  albuminous,  with  a  strophiole  or  false  aril  1  hey  appear 
to  form  a  link,  through  Malesherbiacese,  from  the  PassiHoraeecc  &c.  to 
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parietal  Thalamifloral  Orders,  such  as  Cistaceae.  They  have  tonic  and 
aromatic  properties.    Genera :  Turnera,  Plum. ;  Piriqueta,  Aubl.) 

(Samtd a  CEiE  form  a  tropical  Order,  chiefly  of  American  plants,  of 
somewhat  doubtful  place :  apparently  they  stand  nearest  to  Bixacese  and 
the  Thalamifloras  with  parietal  placentas ;  however,  they  are  apetalous, 
and  the  stamens  are  perigynous,  which  relate  them  to  a  different  set  of 
Orders.  One  of  their  most  striking  peculiarities  is  the  presence  of  both 
round  and  linear  pellucid  glands  in  the  leaves.  The  bark  and  leaves  of 
the  plants  are  astringent,  and  those  of  species  of  Casearia  are  used  in 
Brazil  as  febrifuge  medicines.) 


Order  LXXII.  CUCURBITACEiE.  The  Cucumber  Order. 

Class.  Peponiferas,  Endl.    All.  Cucurbitales,  Lindl.    Coh.  Passiflorales, 

Benth.  et  Hook. 

429.  Diagnosis. — Herbaceous  plants,  mostly  succulent,  prostrate 
or  climbing,  with  tendrils ;  leaves  alternate ;  flowers  dioecious  or 
monoecious ;  the  flower-tube  adherent  to  the  1-3-celled  ovary ; 
corolla  none ;  and  the  3-5  stamens  commonly  more  or  less  united 
by  their  often  sinuous  anthers  as  well  as  by  their  filaments.  Fruit 
a  pepo,  or,  more  rarely,  a  succulent  berry.  Placentas  confluent  in 
the  axis ;  albumen  none. 

Character. 

Calyx  adherent  in  the  female  flowers,  5-toothed,  sometimes  without 
a  limb. 

Corolla  of  distinct  valvate  petals,  or  4-5-parted,  sometimes  fringed ; 
Fig.  371. 


Pig.  371,  Female  flower  of  CucurbUa. 

Fig.  M72.  Staminal  column  of  male  (lower  of  Gourd. 

Pig.  373.  Section  of  the  fruit  of  the  Cucumber. 
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springing  from  the  calyx,  and  with  the  lobes  alternating  with 
those  of  the  calyx. 

cj  .  Stamens  5,  springing  from  the  corolla  and  alternate  with  its  seg- 
ments, more  rarely  3  or  2,  sometimes  free,  monadelphous,  or  more 
frequently  triadclphous,  with  2  pairs  and  1  odd  one ;  anthers  2- 
celled,  usually  long  and  sinuous,  or  bent  upon  themselves  laterally 
(fig.  372),  sometimes  straight,  free,  or  combined. 

$  .  Ovary  inferior  (fig.  371),  3-celled;  usually  with  3  placentas  placed 
parietally,  but  on  the  involute  margins  of  the  carpels  so  as  to  meet 
in  the  centre  (fig.  373),  sometimes  with  2  placentas  and  2  erect 
ovules,  or  1 -celled  with  a  solitary  pendulous  ovule ;  style  short ; 
stigmas  thickened,  papillose,  lobed  or  fringed. 
Fruit  more  or  less  succulent ;  a  pepo  with  a  firm  rind,  or  a  juicy 
berry  with  a  thin  skin ;  seeds  mostly  flattened,  with  a  succulent 
or  membranous  coat  over  the  leathery  or  horny  testa,  which  pre- 
sents a  marginal  ring  or  keel ;  embryo  flat,  without  albumen. 

Illustrative  Genera. 


Series  I.Plagiospermeje.  Ovules 
horizontal. 

Telfairia,  Hook. 
Feuillsea,  L. 
Anguria,  L. 
Bryonia,  L. 
Mukia,  Am. 
Citrulliis,  Neck. 
Ecbalium,  L.  C.  Rich. 
Momordica,  L. 
Luffa,  Tournef. 


Lagenaria,  Ser. 

Cucumis,  L. 

Cucurbita,  L. 
Series  2.  Abobre^!.    Ovules  erect 
or  ascending. 

Trianosperma. 

Elaterium. 
Series  3.  Cremosperme^.  Seed 
solitary,  pendulous. 

Sicyos,  L. 

Sechiuin,  P.  Br. 


Affinities,  &c— The  Cucurbitacese,  divided  as  above  into  3  series,  are 
still  further  divided  into  tribes  according  to  the  number  of  the  stamens, 
the  form  of  the  anthers,  the  nature  of  the  placentas,  and  the  number  of 
the  ovules  &c.  They  form  a  very  well-defined  Order,  but  have  afiinities  of 
a  very  diversified  range.  The  habit  and  the  placentation  ally  them  closely 
with  Passifloraceaj,  from  which  they  differ,  however,  in  the  position  of 
the  ovary,  the  unisexual  flowers,  the  peculiar  structure  of  the  anthers,  and 
the  want  of  albumen.  Their  nearest  relations  among  the  epigynous  Orders, 
after  Be^oniaoero,  appear  to  be  the  Loasacere,  through  Gronovia,  which 
aorees  in  its  climbing  habit,  and  comes  near  the  Sicyecc.  In  the  structure 
of  the  ovary  and  seeds  and  the  position  of  the  stamens  there  is  a  certain 
approach  to  the  polypetalous  Onagracese,  Myrtacere,  &c,  and,  further,  to 
the  monopetalous  Canipanulaceas.  Again,  the  diclinous  condition  and  the 
structure  of  the  ovary  connect  them  with  Papayacea3.  1  his  Order  pre- 
sents a  number  of  points  of  interest  as  regards  structure.  _  The  tendrils 
appear  here  to  be  partially  metamorphosed  leaves,  while  then-  base  is  con- 
stituted of  an  abortive  branch ;  the  construction  of  the  ovary  of  the  (  ticwr- 
bitece  is  remarkable,  the  sides  of  the  carpels  being  inflected  to  the  centre, 
and  then  rolled  in  further  upon  themselves  untd  the  marginal  placentas 
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are 


t„  brought  back  nearly  to  the  circumference  of  the  fruit ;  hence,  although 
termed  parietal  placentas,  they  are  rather  an  excessive  case  of  the  inflexion 
which  ordinarily  produces  axile  placentas.  The  form  of  the  trait  is 
varied ;  the  pepo  assumes  almost  every  modification  of  globular,  oval, 
bottle-shape,  sausage-like,  or  even  snake-like  form  :  some  kinds  are  dehis- 
cent ;  in  Ecbalium  it  bursts  by  separating  from  its  peduncle  and  expelling 
the  seeds  with  violence  through  the  orifice  ;  in  Momordica  and  others  it 
bursts  irregularly ;  iu  Elaterium  it  bursts  by  two  or  three  valves  at  the 
summit ;  and  in  some  species  of  Luff  a  an  orifice  is  formed  at  the  top  by  the 
separation  of  the  scar  of  the  calyx.  In  Sechium  the  pepo  contains  only 
one  seed,  which  germinates  within  the  fruit,  and  never  separates  from  it,  so 
that  the  fruit  resembles  a  thick  root-stock. 

Distribxition. — A  considerable  Order,  the  species  of  which  are  chiefly 
natives  of  hot  climates,  especially  abounding  in  the  East  Indies,  but  some 
foimd  almost  everywhere ;  Bryonia  dioica  is  the  only  British  species. 

Qualities  and  Uses. — The  majority  of  the  plants  of  this  Order  are  to  be 
looked  upon  as  suspicious,  from  the  prevalence  of  a  purgative  property, 
sometimes  very  violent,  sometimes  slight,  and  apparently  liable  to  afreet 
particular  constitutions  more  strongly  than  others.  Some  kinds  may  be 
reckoned  as  poisons,  while  others,  especially  when  cultivated,  although 
they  retain  laxative  qualities,  become  innocuous. 

Among  the  decided  purgatives,  Ecbalium  agreste,  the  dried  juice  of  the 
fruit  of  which  furnishes  "  Elaterium,"  is  one  of  the  most  drastic  agents 
known.  Colocynth  is  the  extract  of  the  pidp  of  Citrullus  Colocynthis ;  the 
fruits  of  several  species  olLuffa  aud  Lagenaria  are  strongly  purgative  ;  the 
roots  of  the  various  species  of  Bryonia  are  actively  cathartic ;  and  the 
same  quality  resides  in  the  seeds  of  Feuillcea  cordifolia  &c.  Some  other 
plants  of  the  Order  share  this  quality,  although  the  seeds  are  generally 
harmless. 

On  the  other  hand,  the  milder  species  furnish  fruits  highly  esteemed 
either  as  fruits,  for  their  delicate  flavour  in  their  fresh  state,  as  in  the 
Melon  and  the  Cucumber,  or  as  pot-herbs,  from  the  succulent,  bland, 
pulpy  substance  of  the  unripe  or  ripe  fruit,  as  of  the  Gourds.  Cucumis 
Melo  is  the  common  Melon  ;  Cucumis  sativus  is  the  Cucumber ;  Cucurbita 
Citndlus  is  the  Water-melon ;  Cucurbita  Pepo  is  the  White  Gourd,  C. 
maxima  the  Red  Gourd  or  Pumpkin ;  the  Vegetable-marrow  is  a  variety 
of  C.  Pepo.  The  Snake-gourd,  Trichosanthes  anguina,  is  eaten  in"  India, 
also  many  other  species  of  Cucurbitaceous  plants,  which  appear  to  become 
much  milder  under  cultivation.  The  fruit  of  Sechium  edule  is  also  eaten 
in  hot  countries.  The  seeds  are  oily;  some  are  harmless,  as  those  of 
Telfairia  pedata  (Africa),  which  are  said  to  be  as  large  as  chestnuts,  and 
are  eaten  like  almonds,  and  the  oil  expressed.  The  pulp  surrounding  them 
is  very  bitter. 


Order  LXXIII.  BEGONIACEtE.    Elephant's  Ears. 

Class.  Peponiferaj,  Midi.    All.  Cucurbitales,  Lindl.    Coh.  Passiflorales, 

Benth.  et  Hook. 

t  430.  Diagnosis.— Herbaceous  plants  or  low  succulent  shrubs  with  an  acid 
juice;  leaves  alternate,  oblique  at  the  base,  with  large  scarious  stipules  : 
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flowers  diclinous ;  sepals  coloured,  those  of  the  barren  flowers  in  two  pairs, 
decussating ;  those  of  the  fertile  flowers  5,  imbricated,  or  8 ;  stamens  inde- 
finite, distinct  or  coherent  in  a  column ;  anthers  clustered ;  ovary  inferior, 
3-celled,  with  3  dissepimental  placentas  meeting  in  the  axis;  stigmas  '■'> 
sessile,  2-lobed ;  seeds  exalbuminous,  with  a  thin  reticulated  testa. 

Illustrative  Geneba. 
Begonia,  i.     |     Hillebrandia,  Oliv. 

Affinities,  &c. — The  relations  of  this  interesting  and  numerous  Order  have 
been  variously  conceived  by  different  authors ;  but  they  appear  to  be  very 
near  Cucurbitaceas,  the  so-called  parietal  placentas  of  the  latter  being 
rather  an  excessive  form  of  the  double  axile  placentas  of  such  plants  as 
Diphclinium,  and  the  placentas  of  Mezieria  are  described  as  parietal.  Hil- 
lebrandia has  nearly  regular  flowers,  and  the  ovary  opens  at  the  top  as  in 
Reseda.  It  confirms  the  relationship  to  Datiscads.  They  are  natives 
chiefly  of  India,  South  America,  and  the  West  Indies,  and  "are  much  cul- 
tivated for  their  beauty ;  the  oblique  or  unequal-sided  leaves  are  charac- 
teristic, whence  they  are  sometimes  called  Elephant's  Ears.  Many  Be- 
gonias are  remarkable  for  the  production  of  adventitious  buds  in  great 
numbers  from  various  parts  of  their  surface.  The  roots  appear  to  be  bitter 
and  astringent,  sometimes  purgative.  B.  malabarica,  tuberosa,  and  some 
others  are  used  as  pot-herbs. 

(Datiscace^e  are  diclinous  apetalous  herbs  or  trees,  with  alternate, 
exstipulate,  simple  or  compound  leaves ;  barren  flowers  with  a  3-4-me- 
rous  perianth  and  3-7  stamens ;  fertile  ones  with  an  adherent  3-4-toothed 
perianth,  a  1-celled  ovary  with  3-4  many-seeded  parietal  placentas,  and 
a  dry  fruit  opening  at  the  summit.  They  consist  of  a  few  species  very 
widely  scattered.  Datisca  cannabina  is  found  in  the  south-east  part  of 
Europe,  and  has  bitter  and  purgative  properties.  The  Order  appears  so 
nearly  related  to  Cucurbitaceae,  Begoniacese,  and  Loasaceae,  that  it  is 
undesirable  to  place  it  among  the  Monochlamydefe.  D.  cannabina  is  re- 
markable as  affording  one  of  the  examples  of  a  tendency  of  the  female 
flowers  of  dioecious  plants  to  mature  seeds  without  impregnation ;  this 
phenomenon  has  been  observed  frequently  in  Caelobogyne  and  Merciirialis 
among  the  Euphorbiaceas  and  in  Cannabis ;  but  some  error  of  observation  is 
to  be  suspected  in  these  cases.  Tetrameles  is  a  large  tree,  the  rest  are 
herbs.    Genera :  Datisca,  L. ;  Tetrameles,  R  Br. ;  Tricerastes,  Presl.) 

(HoMALiACEiE  are  a  small  Order  of  tropical  trees  or  shrubs  with  inferior 
ovaries  and  parietal  placentas,  related  on  the  one  hand  to  Passifloracese, 
on  the  other  to  Loasacese  and  Cactacea3.  They  are  included  in  Samydacete 
by  Bentham  and  Hooker;  some  of  them  have  been  introduced  into  culti- 
vation on  account  of  their  foliage ;  the  flowers  are  small.  Genera :  Sd- 
malium,  Jacq. ;  Blachwellia,  Commers.,  &c.) 
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Gronovia,  L. 


Order  LXXIV.  LOASACEtE. 

Class.  Parietales,  Midi.    All.  Oactales,  Lindl.    Coh.  Passiflorales, 
Benth.  et  Hook. 

431.  Diagnosis.—  Herbs;  sometimes  hispid  with  stinging  hairs ;  leaves 
opposite  or  alternate,  without  stipules ;  calyx  adherent,  4-5-parted  ;  petals 
5  or  10,  in  2  circles,  often  cucullate ;  stamens  numerous,  free  or  in  bundles 
adherent  to  the  petals,  often  intermixed  with  staminodes  or  abortive  sta- 
mens ;  ovary  1-celled,  with  several  parietal  placentas  or  1  central ;  ovules 
pendulous ;  seed  with  a  loose  testa ;  embryo  in  the  axis  of  fleshy  albumen. 

Illustrative  Genera. 

Mentzelia,  L.  Loasa,  Adans. 

Bartonia,  Sims.  Bhunenbachia,  Schrad. 

Affinities,  &c — -A  small  Order.  The  Genus  Gronovia,  with  a  climbing 
habit,  connects  this  Order  with  Cucurbitaceae,  especially  those  with  a 
single  seed ;  but  in  the  latter  Order  the  seeds  are  exalbuminous.  It  is 
likewise  closely  related  to  Cactacese,  differing  importantly  in  habit  only 
from  some  genera.  With  Begoniads  it  agrees  in  the  character  of  the  seeds. 
A  further  affinity  exists  to  the  epigynous  Order  Onagraceas  ;  and  among 
those  with  a  free  ovary,  Malesherbiacete,  Tumeracese,  andJPassifloraceas 
exhibit  some  points  of  agreement.  They  are  natives  chiefly  of  America ; 
but  some  occur  in  other  parts  of  the  globe,  in  temperate  and  tropical  climates. 
They  are  principally  remarkable  for  their  stinging  hairs,  which  produce 
more  violent  irritation  than  our  indigenous  Nettles.  Mentzelia  hispida 
has  a  purgative  root.  Loasa,  Bartonia,  &c.  are  often  cultivated  on  account 
of  the  beauty  of  their  flowers ;  but  some  of  them  are  rendered  less  valuable 
by  their  stinging-property. 


Order  LXXV.  CACTACE^.    Indian  Figs. 


Class.  Opuntife,  Endl.    All.  Cactales,  Lindl.    Coh.  Ficoidales,  Benth. 

et  Hook. 

482.  Diagnosis.— Fleshy  and  thickened,  mostly  leafless  plants,  of 
peculiar  aspect,  globular  or  columnar  and  many-angled,  or  flattened  and 
jointed,  usually  with  prickles.  Mowers  solitary,  sessile ;  the  calyx  and 
corolla  sometimes  4-merous,  but  generally  undistinguishable  and  imbri- 
cated in  several  circles  adherent  to  the  1-celled  ovary;  stamens  indelinite ; 
placentas  parietal;  fruit  succulent;  seeds  numerous,  parietal  or  in  the 
pulp,  exalbuminous. 


Illustrative  Genera. 

Mammillaria,  Haw. 
Echinocactus,  Link  et  Ott 
Cereus,  Haw. 


Phyllocactus,  Link. 
Rhipsalis,  Gcertn. 


Opuntia,  Tournef. 
Pereskia,  Plum. 
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Affinities,  &c — These  plants  are  generally  distinguishahle  at  first  sight 
by  the  remarkable  forms  of  their  succulent  stems  and  the  absence  of  true 
leaves ;  but  this  anomalous  condition  of  the  stem  is  not  a  decisive  charac- 
ter, nor  does  it  even  carry  with  it  indications  of  affinity,  since  we  find  it 
among  Euphorbiacerc,  in  Stapelieee  among  the  Asclepiadaceaj,  in  Vitacese, 
and  elsewhere.  The  ordinary  forms  scarcely  require  description ;  but  it  must 
be  noticed  that  the  leaf-like  structures  ai  Epiphyllum  &c.  are  branches,  and 
the  leaves  are  represented  solely  by  spines  in  the  common  kinds,  each  tuft 
of  spines  representing  an  abortive  shoot  with  undeveloped  internodes ; 
Pereskia,  however,  bears  true  leaves,  sessile  or  stalked.  The  stems  have  a 
woody  axis  of  the  normal  Dicotyledonous  structure :  the  chief  mass  of  the 
stem  of  the  phylloid  kinds  is  made  up  of  the  greatly  developed  cortical 
parenchyma;  but  the  globular  and  columnar  kinds  are  very  solid:  the 
wood  is  remarkable  for  a  peculiarly  formed  spiral  thickening  of  its  cells ; 
and  the  parenchyma  of  old  stems  is  densely  loaded  with  crystals  of  oxalate 
of  lime. 

The  relations,  as  founded  on  the  structure  of  the  flowers,  are,  perhaps, 
closest  with  Loasacese,  and  beyond  them  with  the  Cucurbitaceje,  with, 
however,  many  important  points  of  difference  from  the  last.  There  is  a 
considerable  resemblance  in  certain  respects  to  Mesembryanthacese  ;  for  the 
placentas  of  that  Order  and  those  of  the  present  are  apparently  but  slight 
modifications  of  a  similar  fundamental  structure.  Some  degree  of  affinity 
exists  between  Cactacese  and  RibesiaceEe ;  but  the  dicarpellary  structure 
there  and  the  albuminous  seeds  are  important  distinctions,  and  indicate 
a  closer  relationship  of  the  latter  plants  to  Saxifragacese. 

Distribution. — A  large  Order,  the  members  of  which  are  almost  exclu- 
sively found  in  the  hotter  parts  of  America,  especially  in  dry  situations. 
Opuntia  vulgaris  is  naturalized  in  South  Europe  and  elsewhere.  A  species 
of  Rhipsalis  occurs  in  Africa. 

Qualities  and  Uses. — A  subacid  juice  is  commonly  present  in  these 
plants,  whence  some  of  them  are  esteemed  as  remedies  in  fevers  ;  the  pulpy 
fruit  of  some  is  agreeable  on  account  of  this  quality,  in  others  it  is  insipid 
and  mucilaginous.  Cattle  are  said  to  bruise  the  trunks  of  some  species 
with  their  hoofs  in  order  to  browse  on  the  succulent  parenchyma.  Opuntia 
vulgaris  is  the  Prickly  Pear,  the  fruit  of  which  is  esteemed  in  the  south 
of  Europe  and  America.  The  fruit  of  0.  Tuna  yields  a  carmine  pigment; 
that  of  Pereskia  aculeata  is  called  the  Barbadoes  Gooseberry.  0.  cocci/wl- 
lifera,  the  Nopal  plant,  is  celebrated  as  forming  the  habitation  and 
sustenance  of  Coccus  Cacti,  the  Cochineal  insect.  Ccreus  grandiflorus, 
C.  nycticalns,  and  some  others  are  noted  for  opening  their  magnificent 
flowers  at  night :  these  and  many  other  species  of  this  and  other  genera 
of  the  Order,  such  as  Epiphyllum,  Phyllocactus,  Rhipsalk,  &c,  are  highly 
valued  in  cultivation  for  their  showy  flowers ;  and  the  globular,  columnar, 
and  angular  stems  are  not  less  remarkable,  on  account  of  their  strange 
appearance. 
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Order  LXXVI.  RIBESIACEtE  or  GROSSULACEtE. 

Currants. 

Class.  Corniculatas,  Endl.    All.  Grossales,  Lindl.    Coh.  Eosales, 
Bent.h.  et  Hook. 

433.  Diagnosis. — Low  shrubs,  sometimes  prickly,  with  alternate  pal- 
ruately  lobed  leaves,  a  5-lobed  calyx  adhering  to  the  1-celled  ovary  and 
hearing  5  stamens  alternating  with  as  many  small  petals.  Fruit  a  1-celled, 
inferior  berry  with  2  parietal  placentas.  Seeds  numerous,  imbedded  in 
pidp ;  embryo  minute,  in  abundant  horny  albumen. 

Illustbative  Genus. 
Kibes,  L. 

Affinities. — These  plants  were  formerly  associated  in  the  same  Order 
with  Cactaceae;  but  their  structure  differs  importantly,  and  approaches 
so  nearly  to  that  of  Saxifragaceas,  that  Polyosrna  is  placed  among  the 
Escallonieee  by  some  authors,  and  in  this  Order  by  others :  the  succulent 
fruit  and  the  horny  albumen  are  almost  the  only  criteria,  since  the  pla- 
centas are  parietal  in  some  Escallonieee.  By  Bentham  and  Hooker  this 
Order  is  included  under  Saxifragacere  as  a  distinct  Tribe. 

Distribution. — Cool  or  shady  localities  in  the  temperate  regions  of 
Europe,  Asia,  and  America. 

Qualities  and  Uses. — The  agreeable  acid  fruits  form  the  most  striking 
character  of  this  Order.  The  Gooseberry  (_R.  Grossularia),  the  Black 
Currant  (It.  nigrum),  the  Red  and  White  Currant  (H.  rubrum)  are  the 
most  -valuable  kinds.  The  Black  Currant  is  remarkable  for  the  aromatic 
glands,  which  give  a  stimulant  property.  All  contain  malic  acid.  Other 
fruits  of  the  Order  resemble  these,  but  are  commonly  either  tasteless  or 
excessively  acid.  Several  species  are  showy  garden  shrubs,  as  It.  aureum,  ■ 
JR.  coccineum,  &c,  in  which  the  calyx  is  brightly  coloured. 


Order  LXXYII.  HAMAMELACE^E.  Witch-Hazels. 

Class.  Discanthte,  Endl.    All.  Umbellales,  Lindl.    Coh.  Rosales, 
JBenth.  et  Hook. 

_  434.  Diagnosis. — Shrubs  or  trees,  with  alternate  simple  leaves  and  de- 
ciduous stipules  ;  flowers  in  heads  or  spikes,  often  polygamous  or  monoe- 
cious; calyx  adherent;  petals  narrow,  valvate  or  involute  in  the  bud 
or  absent;  stamens  twice  as  many  as  the  petals,  half  sterile  and  scale- 
hke,  or  numerous;  pistil  of  2  carpels,  forming  a  2-celled  ovary,  with 
2  styles ;  ovules  solitary  in  the  cells  or  numerous :  fruit  a  2-beaked  woody 
capsule  with  1  seed  in  each  of  the  two  cells,  bursting  at  the  ton :  seeds 
albuminous.  r ' 
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Illustrative  Genera. 


Tribe  3.  Altingie;e.  Calyx 
often  rudimentary ;  ouules  several  in 
each  cell. 

Liquidambar,  L. 
Bucklaudia,  22.  Br. 
Rhodoleia,  Champ. 


Tribe  1.  Hamameleje.  Dichla- 
mydeous;  1  suspended  ovule  in  each 
cell. 

Hamamelis,  L. 
Trichocladus,  Pers. 

Tribe  2.  Fothergille^e.  Mo- 
nocMamydeous ;  ovary  as  in  Tribe  1. 
Fothergilla,  L.  f. 
Parrotia,  C.  A.  Mey. 

Affinities,  &c. — Lindley  makes  Liquidambar  tbe  type  of  a  distinct  Order, 
Altingiaceue,  associated  with  the  Amentiferous  Orders ;  but  the  relations 
between  the  genera  above  noted  appear  opposed  to  this.  The  flowers  may 
be  regarded  as  indicating  an  aberrant  form,  standing  near  Cornacese,  from 
which  they  differ  in  their  perigynous  stamens,  the  fertile  ones  opposite 
the  petals,  their  multiple  style,  alternate  leaves,  &c.  They  are  also 
connected  by  Bruniaeeoe  with  the  Umbelliferce.  They  approach  closely 
to  the  Saxifrages,  but  have  wood-cells  marked  with  glandular  dots  and  a. 
large  (not  small)  embryo,  besides  other  points.  The  species  are  not 
numerous,  but  are  widely  diffused.  Hamamelis  virginica,  Witch-Hazel, 
has  oily  edible  seeds ;  its  bark  and  leaves  are  astringent,  and  contain  an 
acrid  volatile  oil.  Various  species  of  Liquidambar  yield  the  pungent 
resin  called  Storax.  L.  styraciflua  (North  America)  is  an  ornamental 
tree,  the  handsome  5-fid  leaves  of  which  tnrn  red  in  autumn;  its  resin 
contains  much  benzoic  acid.  Most  of  the  "liquid  Storax"  of  commerce 
conies  from  the  East,  probably  from  L.  orientate  in  the  Levant,  and 
L.  Altingia  in  the  Malay  Islands.  The  bark  of  these  trees  is  also  acrid 
and  bitter. 

(Brtjniaceje  are  an  Order  of  Heath -like  shrubs,  mostly  found  at  tin- 
Cape  of  Good  Hope,  of  unknown  properties;  in  structure  apparently 
connecting  the  Hamamelacese  with  the  Umbelliferas,  haying  an  epigyn^S  V 
disk,  and  the  heads  of  flowers  sometimes  surrounded  by  involucral  bracts;'  ;' 
but  the  petals  are  valvate.  They  have  some  degree  of  affinity  to  Myrtaceaj  j 
also,  thus  bringing  these  into  relation  with  the  Capiifoliaceoe  and  atitegil 
Orders.    Genera :  Brunia,  L. ;  Staavia,  Thunb.)  ' 


Order  LXXVIII.  UMBELLIFEBJS  or  APIACM. 


Class.  Discanthae,  Endl. 


All.  Umbellales,  Lindl. 
Benth.  et  Hook. 


Umbellales,  \ 


435.  —  TTm-V.g|  p^ornlly  with  fistnlnr 


us,  alternate 


leaves  sheathing  at  the  base,  generally  deeply  dkideff :  the  flowers 
in  umbels  ;  the  tube  of  the  calyx  completely  adherent  to  the  ovary ; 
the  5  petals  and  5  stamens  springing  from  the  disk  crowning  the 
ovary  and  surrounding  the  base  of  the  2  styles  (fig.  374) ;  the  fruit 
consisting  of  2  separating,  seed-like,  dry  carpels. 


Co 
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Calyx  adherent,  the  limb  5-toothed,  ring-like,  or  undistinguishable. 
Corolla :  petals  5,  distinct,  springing  from  the  outside  of  the  fleshy 

disk,  mostly  indexed  at  the  point,  sometimes  bifid,  often  unequal 

in  size. 

Stamens  5,  alternate  with  the  petals  and  emerging  with  them,  in- 
curved in  the  bud. 

Ovary  inferior,  2-celled,  composed  of  2  coherent  carpels,  surmounted 
by  a  double  fleshy  disk  or  pf.vlnpnrl,  from  which  project  2  divergent 
styles ;  stigmas  simple ;  ovules  1  in  each  cell,  pendulous. 

Fruit  consisting  of  2  seed-like  halves  (mericarps)  separating  at  the 
commissure,  remaining  attached  above  to  a  forked  carpophore 
(fig.  377),  which  was  previously  enclosed  between  them ;  each 
nu^ricarp  an  indehiscent  1-seeded  body,  with  the  pericarp  deve- 
lopeainto  longitudinal  ridges  (iupa).  5  primary  and  sometimes  4 
secondary,  with  intervening  channels  (vallecula),  in  which  often 
exist  lines  of  oil-bearing  tissue  called  vittce ;  embryo  in  the  base 
of  abundant  horny  albumen. 


Fig.  374. 


Z's'  alf  Xertlcal  sectl°"  of  the  flower  of  Fceniculum. 
4'-B-        Sro"  8eotion  of  the  fruit  of  Daueus. 
1'ig.  Sib.  Fruit  of  Anthrisciw. 
Fig.  377.  Ripe  fruit  (mericarps)  of  Conium. 

Illustrative  Genera. 


Series  1.  Hetero sctadlsj 
bels  simple ;  vittce  none. 
Hydrocotyle,  Tournef. 
Mulinum,  Pers. 
Sanicula,  Tournef. 
Astrantia,  Tournef. 
Eryngium,  Tournef. 


TJm- 


Series  2.  Haploztgue.  Umbels 
compound ;  primary  ridges  of  fruit 
alone  conspicuous;  vittce  rarely  absent. 

Echinophora,  L. 

Conium,  L. 

Smymium,  L. 

Cicuta,  L. 
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Apiuni,  Iloffm. 
Helosciadium,  Koch. 
Ammi,  Tournef. 
yEgopodium,  L. 
Caruiu,  Koch. 
Bupleurum,  Tournef. 
CEnanthe,  Lam. 
./Ethusa,  L. 
Fceniculum,  Adam. 
Silaus,  Bess. 
Crithmum,  Tournef. 
y  Angelica,  Iloffm. 
Archangelica,  Iloffm. 


Ferula,  L. 
Dorenia,  Don. 
Peucedanum,  L. 
Heracleum,  L. 
Opoponax,  Koch. 

Series  3.  Diplozygue.  Umhels 
compound;  fruit  with  both  primary 
and  secondary  ridyes  well  marked. 
Coriandrum,  L. 
Cuminum,  L. 
Daucus,  L. 
Caucalis,  L. 
Thapsia,  L. 

Affinities,  &c. — The  ai'rangement  of  the  genera  above  given  is  that  of 
Bentharn  and  Hooker,  who  greatly  reduce  the  number  of  genera  cited  by 
other  authors.  By  De  Candolle  the  Umbellifers  were  grouped  under  three 
Suborders : — 1.  Orthospermeae ;  albumen  flat  on  the  inner  face  :  2.  Campy- 
lospermeas ;  albumen  involute,  with  a  vertical  groove  on  the  innerlace : 
3.  Ucelos^ermese ;  albumen  inflexed  above  and  below.  The  plants  of  this 
veryTxrensiveand  important  Order  are  in  general  readily  recognizable 
by  their  in^homBcence  and  figtuj^r.,  stems ;  but  these  characters  are  not 
always  present^venin  the  indigenous  forms ;  and  it  is  instructive  in  this 
respect  to  examine  the  genera  Sanicula  and  Hydrocotyle,  where  the  umbels 
are  little  developed,  and  Erynyinm,  where  the  flowers  are  sessile  and  the 
involucral  bracts  so  much  developed  as  to  give  the  umbels  the  appearance 
of  the  capitula  of  Conrpositse.  These  deviations  from  the  ordinary  habit 
are  still  more  striking  in  some  of  the  exotic  genera ;  for  Hors/icldia,  a 
Javan  form,  has  capitulate  heads  arranged  in  panicles;  and  Botox,  an 
Antarctic  genus,  grows  in  a  tufted  manner,  with  imbricated  leaves  and 
nearly  sessile  umbels,  so  as  to  assume  the  outward  appearance  of  some  of 
the  alpine  species  otAndrosace.  The  essential  character  of  the  order  lies 
therefore  in  the  fruit,  by  which  they  are  known  from  all  other  plants.  The 
structure  and  arrangement  of  the  ridges  and  vittse  upon  the  pericarp,  toge- 
ther with  the  form  of  the  albumen  of  the  seed,  furnish  the  characters  by 
which  the  Order  is  subdivided ;  the  latter  character,  although  formerly 
regarded  as  primary,  is  now  found  to  be  inconstant. 

The  relations  of  the,  Umbelliferae  are  closest  with  the  other  epigynous 
Calyciflorte  with  definite  staflhens,  especially  Araliacese  (from  which  their 
fruit  differs),  the  Rubiacese  (which  have  monopetalous  corollas  and  op- 
posite leaves  and  interpetiolar  stipules),  and  the  Cornacere  (where  the 
leaves  are  partly  opposite,  the  flowers  tetramerous,  and  the  fruit  succulent). 
In  habit,  as  well  as  in  dicarpellary  structure,  some  of  the  Umbellifera) 
approach  the  Saxifragaceos.  The  resemblances  to  Geraniaceas  seem 
rather  superficial :  the  carpophore  is  of  a  very  distinct  character. 

Distribution.— Abundant  in  the  northern  parts  of  Europe,  Asia,  and 
America ;  common  upon  the  mountains  of  warmer  regions,  and  again  met 
with  in  the  Southern  hemisphere,  but  chiefly  as  dwarf  and  aberrant 

forms.  , 

Qualities  and  Uses— Several  distinct  classes  of  active  secretions  occur 
in  the  plants  of  this  Order,  which  in  some  are  extremely  powerful,  ami  m 
others  slightly  developed.    The  most  important  consist  of  acro-narcotic 
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poisonous  substances  in  solution  in  the  watery  juices ;  the  second  are 
mmi-resinous  substances  contained  in  a  juice  belonging  to  special  tissues, 
and  becoming  milky  when  exposed  to  the  air ;  and  the  third  are  aromatic 
oils  produced  iu  all  parts  of  the  tissues,  but  especially  developed  in  the 
vitte  of  the  pericarps.  Many  have  the  watery  juices  innocuous,  and  the 
gum-resinous  secretion  mild,  so  that  they  become  esculent  vegetables, 
which  are  rendered  still  more  bland  when  they  acquire  a  more  succulent 
condition  imder  cultivation.  The  absence  of  light  has  a  remarkable  effect 
in  preventing  the  development  of  the  aromatic  principles,  as  is  seen  m 
blanched  garden  Celery  and  other  cases. 

A  number  of  the  poisonous  kinds  are  indigenous,  one  of  which,  Comum 
maculatum,  Hemlock,  is  in  use  in  medicine  as  an  anodyne.  sEthusa 
Cynapium,  Fool's  Parsley,  is  a  common  weed;  Cicuta  virosa,  Water 
Hemlock,  is  not  uncommon  (C.  maculata  of  North  America  is  equally 
poisonous) ;  (Enanthe  crocata,  Hemlock  Dropwort,  (E.  Phellandrium,  and 
other  species  are  likewise  noted  as  poisonous,  although  they  appear  to  lose 
the  property  under  certain  circumstances.  Anthriscus  sylvestris  and  vulgaris, 
extremely  common  about  hedges,  are  said  to  be  poisonous.  Accidents 
occur  from  the  resemblance  of  the  foliage  of  these  plants  to  Parsley,  and 
of  the  roots  of  (Enanthe  and  others  to  Parsneps. 

The  plants  furnishing  the  antispasmodic  gum-resins  are  mostly  natives 
of  warmer  regions  than  the  poisonous  kinds,  and  some  doubt  exists  as  to 
the  exact  species  which  yield  certain  of  these  substances.  Asafcetida  is 
believed  to  be  derived  from  Ferula  Asafcetida  (Persia  and  Afghanistan) ; 
Ferula  persica  probably  furnishes  some.  F.  orientalis  (Morocco)  yields  an 
analogous  resin.  Sagapenum  is  supposed  to  be  obtained  from  another 
species  of  Ferula.  Gum  Ammoniacum  is  from  a  Persian  plant  called 
l)orema  Ammoniacum  and  Diserneston  gummiferurn.  Opoponax  is  the 
resin  of  Pastinaca  Opoponax  {Opoponax  Chironum).  The  source  of  Gum 
Galbanum  is  supposed  to  be  Ferula  galbaniflua. 

The  flavour  of  Celery  (Apium  graveolens),  Parsley  (Petroselinum  sa- 
tivum), Fennel  (Fcenicidum  vulgare),  Angelica  (Archangelica  officinalis), 
Eryngo  (Eryngium  maritimum  and  campestre),  of  the  Carrot  (Daucus  Ca- 
rota),  and  the  Parsnep  (Pastinaca  sativa)  depend  on  a  volatile  oil  con- 
tained in  the  parenchymatous  tissues,  especially  of  the  rind  and  leaves; 
but  this  oil  is  more  concentrated  in  the  vittse  of  the  pericarp,  which  ren- 
ders the  fruits  of  these  plants  still  more  powerfully  aromatic,  whence 
they  are  often  used  for  flavouring  in  cooking ;  the  fruits  of  the  Caraway 
(Cai  tim  Carui),  Dill  (Anethum graveolens),  Coriander  (  Coriandrum  sativum) , 
Anise  (Pimpinella  Anisum),  Cummin  (Cuminum  Cyminum),  and  others 
are  especially  valued  for  these  essential  oils. 

The  roots  of  the  Carrot  and  Parsnep,  the  root  of  Arrachaca  escidenta 
(New  Granada),  the  stem  and  petioles  of  Celery,  when  rendered  very 
succulent  by  cultivation,  retain  only  a  moderate  quantity  of  the  aromatic 
oils,  and  are  then  chiefly  valuable  for  their  saccharine  and  mucilaginous 
qualities.  Samphire,  made  into  pickles,  is  Crithmum  maritimum,  a species 
growing  on  maritime  rocks.  The  roots  of  Chervil  (Anthriscus  Cerefolium) 
were  formerly  eaten.  The  tubers  of  the  species  of  Bunium  are  edible. 
Alexanders  (Smtjrnium  Olusatrum)  was  formerly  cultivated  like  Celery. 
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Order  LXXIX.  ARALIACEiE.    The  Ivy  Order. 

Class.  Discantb.se,  Encll.    All.  Umbellales,  Lindl.    Coh.  Umbellales, 

Smth.  et  Hook. 

436.  Diagnosis. — Herbs,  shrubs,  or  trees,  with  characters  resembling 
those  of  Umbelliferae,  but  usually  with  more  than  2  styles,  and  the  fruit 
3-  or  several-celled,  succulent  or  dry,  with  one  albuminous  seed  in  each 
cell. 

Illustrative  Genera. 


Panax,  L. 
Aralia,  L. 


Hedera,  L. 
Adoxa,  L. 


Gunnera,  L. 
Helwingia,  Wittd. 


Affinities. — -The  Araliaceae  stand  very  close  to  the  Urnbelliferae,  but  may 
be  distinguished  by  the  ovary  having  more  than  2  carpels.  Most  of  the 
plants  have  also  a  valvate  aestivation  of  the  corolla,  while  it  is  imbricated 
in  the  Umbelliferae  :  there  are  some  exceptions  to  the  ride  in  the  latter 
Order ;  and  Adoxa  is  an  exception  here.  Seemann  separates  as  a  distinct 
Order,  under  the  name  Hederacese,  all  Umbelliferous  plants  with  valvate 
petals  and  a  fruit  composed  of  two  or  more  carpels.  The  true  Araliads,  ac- 
cording to  this  author,  have  imbricated  petals.  They  are  not  so  exclusively 
herbaceous  as  the  Unibelliferae,  some  being  trees,  and  some  climbing  shrubs, 
which  latter  bring  the  Order  into  relation  with  the  Vitacese.  They  are 
nearly  allied  to  Caprifoliacece,  which  have  a  monopetalous  corolla.  Adoxa 
is  remarkable  for  its  stamens,  which  have  a  bipartite  filament,  each  half 
bearing  a  separate  anther-lobe ;  it  also  presents  flowers  with  4-  and  5- 
rnerous  corollas  in  the  same  inflorescence.  Gunnera,  an  aberrant  form,  is 
in  some  cases  dioecious,  has  but  2  petals  and  stamens,  and  a  1-celled, 
1 -seeded  ovary  ;  G.  scabra  is  remarkable  for  its  enormous  leaves,  as  much 
as  8  feet  in  diameter,  on  stalks  like  those  of  Shewn.  Helwingia  is  uni- 
sexual, and  is  made  a  type  of  a  distinct  Order  by  Decaisne  and  others. 
Its  flowers  are  collected  on  the  midribs  of  the  leaves  or  bracts,  from  the 
adherence  of  the  peduncle,  somewhat  as  in  T'dia.  _  Seemann  includes 
in  Hederacese,  on  account  of  their  valvate,  not  imbricate,  petals,  Crith- 
mwn,  Horsfieldia,  some  species  of  Hydrocotyle,  and  some  other  plants 
usually  placed  in  Umbellifera?. 

Distribution. — A  considerable  Order,  distributed  throughout  all  climates, 
and  in  all  parts  of  the  world. 

QuaEties  and  Uses. — Aromatic  and  stimulant.  The  root  of  Panax 
Ginseng  is  highly  valued  by  the  Chinese  as  a  stimulant ;  P.  qumquefolium 
is  exported  to  China  from  the  United  States  as  American  Ginseng. 
Aralia  nudicaidis  (United  States)  is  called  Wild  Sarsaparilla ;  A.  raecmosa 
yields  an  aromatic  gum-resin.  The  astringent  roots  of  Gunnera  scabra 
are  used  for  tanning,  and  the  fleshy  leaf-stalks  are  eaten.  The'bemes  of 
Ivy  (Hedera  Helix)  are  emetic  and  purgative.  The  wood  of  some  of  the 
East-Indian  species  is  resinous  and  aromatic.  The  substance  called 
Rice-paper,  prepared  by  the  Chinese,  consists  of  thin  slices  of  the  pith  of 
Tetrapanax  papyriferum. 


CALYCIFLORiE. 


291 


Order  LXXX.  CORNACE/E.    The  Dogwood  Order. 


Class.  Discanthse,  Endl. 


All.  Uinbellales,  Lindl. 
Benth.  et  Hook. 


Coh.  Umbellales, 
Fig.  378. 


437.  Diagnosis—  Shrubs  or  trees  (rarely  herbaceous),  almost 
always  with  opposite  and  exstipulate  simple  leaves;  flowers 
4-5-nierous,  sometimes  diclinous ;  the  tube  of  the  calyx  adherent 
to  the  1-2-celled  ovary,  its  limb  minute ;  the  petals  (valvate  in 
the  bud),  with  as  many  stamens,  inserted  on  the  margin  of  an 
epigynous  disk  in  the  perfect  flowers ;  style  1 ;  a  single  anatro- 
pous  ovule  suspended  from  the  top  of  each  cell ;  the  fruit  bac- 
cate, 1-2-seeded  (fig.  378) ;  embryo  nearly  the  length  of  the 
albumen,  with  large  and  foliaceous  cotyledons. 


Benthamia,  Lindl. 


Illustrative  Genera. 
|     Cornus,  Tournef.  \ 


Ripe  fruit 
of  Cornus. 


Aucuba,  TJmnb. 


Affinities — The  chief  distinctions  from  the  Araliacese  lie  in  the  inflo- 
rescence, the  tetramerous  structure  of  the  flower,  the  usually  opposite 
leaves,  the  2-carpellary  ovary,  and  the  simple  style ;  from  Umbelliferse 
the  first  two  characters  divide  them,  together  with  the  single  style,  and 
in  most  cases  the  habit ;  Caprifoliacese  are  distinguishable  by  the  niono- 
petalous  corolla.  Haloragacese  differ  in  habit  and  distinct  styles,  but  are 
connected  with  this  group  through  Gunnera. 

Distribution. — A  small  Order,  the  members  of  which  are  natives  of  the 
temperate  parts  of  America,  Europe,  and  Asia. 

Qualities  and  Uses. — The  bark  of  various  species  of  Cornus  is  esteemed 
as  a  tonic  and  febrifuge ;  C.Jlorida  &c.  are  used  in  North  America  in 
place  of  Cinchona;  Cornus  sanyuinea,  Dogwood,  is  a  common  hedge 
shrub.  C.  mascula,  the  Cornelian  Cherry,  bears  fruit,  which  is  now  little 
esteemed.  Aucuba  japonica,  the  variegated  or  "Cuba"  Laurel  of  our 
shrubberies,  is  the  female  form  of  a  dioecious  Japanese  plant,  propagated 
in  thousands  by  layers,  but  till  lately  never  producing  seeds,  as  the  male 
plant  was,  till  a  few  years  ago,  unknown  in  this  country.  Now,  how- 
ever, by  artificially  placing  the  pollen  of  the  male  flowers  on  the  stigma 
of  the  female,  or  by  the  agency  of  insects,  the  scarlet  olive-shaped  berries 
are  produced  in  profusion ;  and  in  this  way  numerous  varieties  have  been 
raised  from  seed. 
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Subclass  3.  COROLLIFLORJE. 

438.  Dicotyledonous  Flowering  plants  having  both  calyx  and 
corolla,  the  latter  mono-  or  gamopetalous  and  springing  directly 
from  the  receptacle;  the  stamens  mostly  adherent  to  the  corolla 
(epipetalous),  rarely  free  and  arising  with  the  corolla  from  the 
receptacle. 

Similar  anomalies  to  those  noted  under  the  other  Subclasses  occur  in 
some  Orders  which,  on  the  whole,  are  Corollifloral.  Thus,  among  Ericaceae, 
the  Suborder  Vacciniece  is  properly  Calycifloral,  and  the  same  thing  occurs 
in  Styracaceae  and  elsewhere ;  among  tbe  Ericaceae  and  Epacridaceae  we 
sometimes  have  the  Thalamifloral  condition,  the  petals  being  distinct  and 
the  stamens  hypogynous.  In  Primulaceae  and  Plumbaginaceae  poly- 
petalous  corollas  occur,  but  with  epipetalous  stamens ;  and  also  apetalous 
flowers  with  hypogynous  stamens,  which,  strictly  speaking,  would  be 
Monochlamydeous.  These  (and  niany  other  cases  migbt  be  noted)  in- 
dicate the  continual  occurrence  of  "  cross  relations  "  between  the  groups 
of  Orders,  which  render  it  very  difficult  to  arrange  the  Orders  satisfactorily, 
and  show  that  any  linear  series  is  quite  artificial. 


Order  LXXXI.  CAPRIFOLIACM. 
The  Honeysuckle  Order. 

Class.  Caprifoliacea?,  JEndl.    All,  Cinch  onales,  Lindl.    Coh.  Rubiales, 

Benth.  et  Hook. 

439.  Diagnosis. — Shrubs  or  rarely  herbs,  with  opposite  leaves  and  no  sti- 
pules ;  the  tube  of  the  cafyx  adherent  to  the  ovary ;  the  stamens  as  many 
as  (or  one  less  than)  the  lobes  of  the  tubular  or  rotate  epigynous  corolla, 
and  attached  to  its  tube ;  ovary  1-5-celled,  often  with  1  ovule  in  one  cell 
and  several  in  the  others;  style  1 ;  stigmas  3  or  5;  fruit  mdehiscent,  dry 
or  succulent,  1-  or  more-celled;  seeds  solitary  or  numerous;  embryo  m 
fleshy  albumen. 

Illustrative  Genera. 


Linnaea,  Gronov. 
Symphoricarpus,  Dill. 


Diervilla,  Tournef. 
Lonicera,  Desf. 


Viburnum,  L. 
Sambucus,  Tournef. 


Affinities.— This  Order  is  usually  subdivided  into  two  Suborders :  1.  Lo- 
nicerea?.  with  a  tubular,  regular  or  irregular  corolla,  a  filiform  style,  and 
seeds  with  a  dorsal  raphe ;  and  2.  Sambuceae,  with  regular  rotate  corollas, 
3  sessile  stigmas,  and  seeds  with  ventral  raphe.  It  connects  the  niono- 
petalous  Rubiacese,  Loganiaceae,  and  their  allies  with  the  polypetalous 
Cornaceaj  and  Unibellifera.  Through  the  Escallomca  it  is  also  connected 
with  the  Saxifrapaceae.  o        ±1.  _ 

Distribution.— A  considerable  Family,  distributed  chiefly  m  the  northern 

parts  of  Asia,  Europe,  and  America. 
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Qualities  and  Uses. — Some  of  the  plants  possess  powerful  purgative  and 
emetic  properties,  as  in  the  leaves  of  the  Elder  (Sambucm  nigra),  of  the 
Guelder  Rose  (Viburnum  Opulm),  the  Common  Honeysuckle  (Lonicera 
Periclymenum),  and  Triosteum  perfoliatum  (North  America).  The  fruits 
seem  destitute  of  this  property,  that  of  our  Elder  and  others  being  made 
into  wine;  the  henies  of  Viburnum  are  eaten  in  North  America;  and 
those  of  Symphoricarpus,  the  Snow-berry  of  our  shrubberies,  appear  to  be 
harmless.  The  fragrance  and  beauty  of  the  flowers  are  marked  characters  of 
the  Order.  Besides  Honeysuckles,  species  of  Lonicera  and  Caprifolium,  the 
Elder,  the  species  of  Viburnum  ( V.  Opulm,  grown  in  gardens  for  its  balls 
of  white  neuter  flowers,  V.  Lantana,  the  mealy  Guelder  Rose,  V.  Tinus,  the 
Laurustinus  shrub),  Symphoricarpus }  &c.  are  found  in  every  shrubbery. 


Order  LXXXII.  RUBIACE.E.    The  Madder  Order. 

Clms.  Caprifoliaceae,  Midi.    All.  Cinchonales,  Lindl.    Coh.  Rubiales, 

Bcnth.  et  Hook. 

440.  Diagnosis.— Herbs,  shrubs,  or  trees,with  opposite  entire  leaves 
connected  by  interposed  stipules,  or  in  real  or  apparent  whorls  with 
stipules  resembling  the  leaves  ;  the  calyx  adherent  to  the  2-4-celled 
ovary ;  the  stamens  as  many  as  the  lobes  (3-5)  of  the  regular  epi- 
gynous  corolla,  and  attached  to  its  tube  ;  ovules  anatropal ;  embryo 
albuminous. 

Character. 

Calyx  adherent,  limb  entire  or  4-6-toothed. 

Corolla  monopetalous,  regular,  with  a  long  tube,  or  rotate,  its  seg- 
ments equal  in  number  to  the  teeth  of  the  calyx. 

Fig.  379. 


Eig.  379.  Rnbia:  a,  Dower,  nat.  size,  showine  obsolete  calyx,  gamopetalous 
corolla,  &c. ;  b,  section  of  the  flower. 

Stamens  equal  in  number  to  the  lobes  of  the  corolla,  and  attached  in 

one  line  upon  it,  alternately  with  them. 
Ura^infenor,usuaUy2-ceUed,with  an  epigynous  disk;  style  sin-le 


294 


SYSTEMATIC  BOTANY. 


sometimes  slightly  divided  ;  stigmas  united  or  divided  ;  ovules  soli- 
tary, 2  or  many  in  each  cell. 
Fruit  splitting  into  two  dry  cocci,  or  ill  dehiscent,  and  then  dry  and 
succulent,  2-celled,  2-  or  many-seeded ;  seeds,  if  definite,  erect  or 
ascending,  or  numerous  on  axile  placentas  ;  embryo  in  horny  al- 
bumen. 

Illustrative  Geneiia. 


Subord.  1.  Stellatje.  Interpetiolar 
stipules  leaf-like,  forming  whorls ; 
ovary  with  1  seed  in  each  cell. 

Galium,  L. 

Rubia,  Tournef. 

Asperula,  L. 

Sherardia,  Dill. 
Subord.  2.  Coffee.  Stipules  small ; 
ovary  ivith  1-2  seeds  in  a  cell. 

Opercularia,  A.  Rich. 

Coprosma,  Forst. 

Sperinacoce,  L. 

Richardsonia,  Kunth. 

Cephalanthus,  L. 


Cephaelis,  Sw. 
Psychotria,  L. 
Coffea,  L. 
Ixora,  L. 
Morinda,  Vaill. 
Guettarda,  Vent. 
Subord.  3.  Cinchone-s:.  Stipidcs 
small ;  ovary  with  numerous  seeds. 
Hedyotis,  Lam. 
Rondeletia,  Bl. 
Bouvardia,  Salisb. 
Cinchona,  L. 
Exostemma,  L.  C.  Rich. 
Gardenia,  Ell. 


Affinities. — The  Rubiacete  are  often  divided  into  two  Orders,  Cincho- 
nacea  and  Galiacese,  or  Stellatas,  the  latter  including  all  the  genera  with 
large  foliaceous  stipules,  or,  as  they  are  termed,  whorled  leaves :  the  distinc- 
tion does  not  appear  to  be  sufficient.  The  presence  of  interpetiolar  stipules, 
either  small  or  imitating  leaves,  is  the  principal  character  separating  this 
Order  from  Caprifoliacese,  where,  however,  Lindley  observes  that  they 
sometimes  occur  as  monstrous  growths.  This  Order  also  runs  very  close 
to  Loganiacese,  being  chiefly  distinguished  by  its  inferior  ovary ;  the  Loga- 
niaceae  thus  connect  it  with  Gentianaceas  and  the  allied  Corollifloral  Orders. 
The  fruits  of  the  Stellatce,  and  of  some  of  the  Coffea,  nearly  relate  them 
to  the  Unibelliferte ;  from  which,  however,  they  may  be  at  once  known 
by  the  monopetalous  corolla.  Opercularia,  an  aberrant  genus  with  a  1- 
celled,  1-seeded  ovaiy,  connects  the  Order  with  Dipsacese ;  and  the  inflo- 
rescence of  some  kinds,  as  Cephalanthus,  Richardsonia,  &c,  approaches  the 
condition  of  the  capitula  of  that  Order  and  of  Composite;  while  in 
Argyrophyllum  the  stamens  are  syngenesious. 

Distribution. — This  is  one  of  the  largest  Orders.  The  Stcl/ata  belong 
to  the  cool  parts  of  the  Northern  hemisphere  and  the  mountains  of  the 
Southern.  The  Coffea  and  Cinchonece  are  chiefly  natives  of  warm  climates, 
most  of  them  tropical. 

Qualities  and  Uses. — The  Rubiacere  form  a  very  extensive  group,  and 
include  plants  with  a  considerable  diversity  of  properties.  Some  are 
emetic  and  purgative  ;  others  febrifuge  and  tonic  :  others  stimulant  and 
restorative ;  some  are  astringent ;  a  few  have  edible  fruits ;  some  yield 
valuable  dye-stuffs ;  and  fragrant  or  showy  flowers  abound  in  the  Order. 
Among  the  powerfully  emetic  plants  are  the  Ipecacuan,  the  officinal  sub- 
stance being  the  creeping  rhizome  of  Cephaelis  Ipecacuanha.  Psychotria 
cmetica  furnishes  a  spurious  kind  called  black  or  streaked  Ipecacuan. 
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Pichardsonia  scabra  and  emetica  yield  white  false  Ipecacuan.  Chiococca 
demifolia  (Cahinca  root)  and  C.  anyuifuya  have  similar  properties,  which 
are  shared  by  the  genera  Spermacoce,  Manettia,  &c.  Most  01  the  above 
plants  belono-  to  Brazil.  The  two  species  of  Chiococca  above  named  are 
regarded  as  "specifics  against  snake-bites;  their  emetic  and  purgative 
action  is  described  as  excessively  powerful.  Some  species  ot  Lephaehs 
and  Psychotria  are  still  more  active,  and  are  used  as  poisons  for  rats  and 
mice  in  Brazil.  Coffee  consists  of  the  seeds  of  Coffea  arabica,  two  ot 
which  are  produced  in  a  succulent  berry.  It  is  believed  to  be  a  native  of 
Abyssinia,  perhaps  also  of  Arabia,  but  is  now  widely  diffused  in  cultiva- 
tion in  the  East  and  West  Indies  and  Brazil.  The  fruits  of  Galium  are 
said  to  bear  some  resemblance  to  Coffee  when  roasted. 

Cinchona,  Peruvian  or  Jesuits'  bark,  is  derived  from  several  trees 
natives  of  the  slopes  of  the  Andes,  at  an  elevation  of  about  7000-8000  feet, 
and  many  of  which  are  now  cultivated  in  India.  The  researches  of  Wed- 
dell,  Howard,  and  others  have  determined  the  source  of  most  of  the  kinds. 
Cinchona  Calisaya  gives  Yellow  or  Calisaya  bark ;  C.  succirubra,  Red  bark ; 
C.  nitida  and  micrantha,  Grey  or  Huanaco  bark ;  C.  Condaminea  (var.  vera), 
Crown  or  Loxa  bark.  The  bark  of  various  species  of  Exostemma  is 
known  as  false  Cinchona.  Species  of  Guettarda,  Pinckneya,  Pondeletia, 
Coutarea,  &c.  have  similar  properties.  The  extract  of  the  leaves  of 
Uncaria  Gambir  is  a  powerful  astringent,  known  as  Gambeer  among 
the  Malays,  and  supposed  to  furnish  part  of  the  Catechu  of  commerce. 

Among  the  fruits  maybe  mentioned  those  of  Genipa  (Brazil  and  Mada- 
gascar), Sarcocepludus  esculentus,  the  Sierra  Leone  Peach,  &c.  The  berries 
of  some  Coprosmce  are  eaten  in  Australia,  and  are  called  Native  Currants. 

Of  the  dyes,  Madder,  the  roots  of  Rubia  tinctorum  (Europe),  P.  cor- 
difolia,  Munjeeth  (Bengal),  P.  Pelboun  (China),  and  P.  angustissima  are 
the  most  important;  Oldenlandia  umbeUata,  used  instead  of  Madder  in 
the  East  Indies ;  species  of  Morinda,  Psychotria,  Genipa,  Condaminea,  &c. 
are  of  less  importance.  Guettarda  speciosa  furnishes  what  is  called  by 
cabinet-makers  "  Zebra-wood,"  from  the  West  Indies. 

Among  the  genera  noticed  in  the  list  above,  are  found  many  of  our 
favourite  stove-plants,  noted,  like  Gardenia,  for  fragrance,  or,  like  Ixora, 
for  their  splendid  blossoms  and  handsome  foliage.  Many  species  of  Galium 
are  common  weeds  with  us,  readily  known  by  their  star-like  whorls  of 
leaves  and  stipules. 


Order  LXXXIII.  VALEKEANACE^]. 
The  Valerian  Order. 

Class.  Aggregatae,  Midi.    All.  Campanales,  Lindl.    Coh.  Rubiales, 
Benth.  ct  Hook. 

441 .  Diagnosis. — Herbs  with  opposite  simple  or  compound  leaves 
and  no  stipules ;  the  tube  of  the  calyx  adherent  to  the  ovaiy,  which 
has  1  fertile  and  2  abortive  or  empty  cells ;  the  limb  obsolete  or 
forming  a  pappus ;  corolla  epigynous,  tubular,  3-6-lobed  (lobes  im- 
bricate), sometimes  spurred  at  the  base;  stamens  1-5,  distinct 
fewer  than  the  teeth  of  the  corolla,  attached  to  its  tube,  alternate 
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with  the  lobes  ;  seeds  solitary,  in  the  fertile  cell  of  the  dry,  indehis- 
cent,  sometimes  pappose  fruit,  pendulous,  exalbuminous ;  radicle 
superior. 

Illustrative  Genera. 
Fedia,  Mconch.     |     Centranthus,  DC.     |     Valeriana,  Neck. 

Affinities. — This  Order  approaches  Dipsaeeae  in  general  structure,  some- 
times having  involucrate  inflorescence ;  hence  it  is  also  related  to  Com- 
positse,  Campanulaceae,  &c. ;  but  the  peculiar  structure  of  the  ovary  is  a 
very  marked  character,  and  the  seed  of  Dipsacese  is  albuminous.  The 
development  and  unrolling;  of  the  pappus  of  Centranthus  and  others,  during 
the  ripening  of  the  fruit,  is  very  singular:  the  corolla  is  surrounded  by  a 
thickened  ring,  which  subsequently  enlarges  and  expands  into  a  crown  of 
feathery  processes. 

Distribution. — An  extensive  Order,  the  members  of  which  are  distributed 
throughout  the  temperate  parts  of  Europe,  Asia,  and  America. 

Qualities  and  Uses. — Many  of  the  plants  have  strong  aromatic  properties, 
whence  they  are  used  as  antispasmodic  and  tonic  remedies.  Valeriana 
officinalis,  Phu,  celtica,  and  Saliunca  are  all  used;  V.  sitchensis,  from 
Russian  America,  is  said  to  be  the  most  powerful.  Nardostachys  Jatamansi 
(India)  is  supposed  to  be  the  ancient  Spikenard.  Fedia  or  Valeriancllu 
olitoria  is  cultivated  for  salad,  under  the  name  of  Lamb's  Lettuce.  Cen- 
tranthus ruber,  a  showy  plant,  with  abundant  cymes  of  small  rose- 
coloured  flowers,  is  found  in  most  gardens,  and  13  naturalized  in  Kent. 


Order  LXXXIV.  DIPSACEiE.    The  Scabious  Order. 

Class.  Aggregate,  JEndl.    All.  Campanales,  Lindl.    Coh.  Compositales, 

Benth.  et  Hook. 

442.  Diagnosis. — Kerbs  with  opposite  or  whorled  leaves, no  stipules;  the 
flowers  in  dense  heads  surrounded  by  an  involucre  as  in  Composite  ;  the 
separate  florets  surrounded  bv  special  membranous  involucels;  calyx 
adherent,  limb  pappose;  corolla  epigynous,  tubular,  mostly  irregular, 
4-5-lobed,  inserted  on  the  calvx,  imbricated  in  {estivation ;  stamens  4, 
sometimes  half  barren,  attached  to  the  tube  of  the  corolla ;  anthers  di- 
stinct ;  ovary  1-celled,  with  1  pendulous  ovule,  simple  style  and  stigma ; 
fruit  indehiscent ;  seed  albuminous ;  radicle  superior. 

Illustrative  Genera. 
Dipsacus,  Tournef.     \     Scabiosa,  -Row!,  et  ScJndt. 

Affinities  —Nearly  related  to  Valerianacere  on  one  hand,  and  to  Com- 
posite on  the  other;  distinguished  from  both  by  its  involucels  and  albu- 
minous seed ;  from  Composite  especially  by  the  distinct  anthers  and 

pendulous  seed.  r     i  * 

Distribution.— The  species  number  about  150,  and  are  found  most 

abundantly  in  Southern  Europe  and  North  and  South  Africa. 

Qualities  and  Uses.— Some  arc  said  to  be  astringent.    The  Teazel, 

Dipsacus  fullonum,  a  large  Thistle-like  plant,  is  of  great  importance,  its 
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dried  capitula  being  used  to  comb  up  the  nap  on  cloth,  the  hooked  bracts 
not  tearing  the  stuff  like  metal  instruments.  Many  species  of  Scabwsa 
(Scabious)  are  cultivated  for  their  beauty ;  two  small-flowered  species  are 
natives  of  Britain. 

(Calyceuaceje  are  a  small  Order  of  South- American  plants,  interme- 
diate between  Dipsacea?  and  Composite,  having  the  pendulous  albuminous 
seed  of  the  former,  and  anthers  coherent  below  and  free  above,  so  as  to 
approach  the  syngenesious  character  of  the  latter  Order.  Properties  un- 
known.   Genera :  Boopis,  Juss. ;  Calycera,  Cav.). 

^  .     ox  £*t^>  ■ 

Order  LXXXV.  COMPOSITiE  or  ASTEEACEiE. 

Class.  Aggregatce,  Endl,    All.  Campanales,  Lindl.    Coh.  Compositales, 

Benth.  et  Hook. 

443.  Diagnosis. — Herbs  or  half-shrubs  with  the  flowers  in  dense 
heads  (capitula)  upon  a  common  receptacle  surrounded  by  an  invo- 
lucre ;  stamens  5  (rarely  4),  inserted  on  the  corolla,  and  with  their 
anthers  coherent  into  a  tube  surrounding  the  style ;  ovary  inferior, 
1-celled,  with  1  erect  ovule  :  seed  exalbuminous. 

Character.  f1"' 

Capitula  at  the  extremity  of  an  enlarged  peduncle  surrounded  by  an 
involucre  of  bracts,  and  bearing  perfect  and  imperfect  florets  closely 
packed,  all  similar^ or  of  two  kinds,  those  of  the  centre  or  disk  and 
those  of  the  circumference  or  ray ;  florets  often  accompanied  by 
membranous  scale-like  bracts  (pahai). 

Calyx  adherent ;  limb  obsolete,  entire,  or  in  the  form  of  a  circle  of 

Fig.  381. 


F  5"  To    r1"  •°ret- .  Fl'g-  381-  Kuntoo  floret. 

tubeV anth7r8Bop~B  ^  of  ComPositlE :  °> in  the  natural  position;  6,  the 

Fig.  383.  Linear  Btigmas  of  Composite. 

o  5 


298 


SYSTEMATIC  BOTANY. 


scales,  bristles,  or  feathered  or  simple  hairs  (pappus),  which  is 
often  persistent. 

Corolla  monopetalous,  epigynous,  tubular  (fig.  380)  and  funnel- 
shaped,  or  ligulate  (fig.  381),  or  bilabiate. 

Stamens  5,  alternate  with  the  teeth  of  the  corolla  ;  filaments  distinct ; 
anthers  cohering  into  a  tube  round  the  style  (fig.  382).  -  %WaW/*>«1 

Ovary  inferior,  1-celled,  with  1  erect  ovule;  style  simple  below, 
bifid  at  the  apex,  with  a  distinct  stigmatic  surface  on  each  branch 
(figs.  382  &  383). 

Fruit  a  cjpsela  (figs.  384-386),  indehiscent,  with  1  erect  exalbumi- 
nous  seed,  often  crowned  by  the  pappus. 


Fig.  384. 


Fig.  386. 


Fig.  385. 


Figs.  384-386.  Cypselous  fruits  of  Compositse  surmounted  by  the  pappus. 
(Fig.  386,  vertical  section,  showing  the  erect  Beed.) 

This  extensive  Order  is  divided  into  three  Suborders. 

1.  TuBULiFLORiE.  Florets  all  tubular  and  perfect,  or  only  those 
of  the  centre  (disk)  perfect,  while  those  of  the  circumference  are 
tubular  or  ligulate,  and  female  or  neuter  below  its  branches. 

2.  Labiat^osflobje.  Florets  with  bilabiate  corollas,  perfect  or  uni- 
sexual. 

3.  LiGiJLiFLOEiE.    Florets  all  ligulate  and  perfect ;  juice  milky. 


Tussilago,  Tournef. 

Aster,  Nees. 
v  Bellis,  L. 
v  Solid  ago,  L. 

Inula,  Gcertn. 

Dahlia,  Cav. 

Zinnia,  L. 

Rudbeckia,  L. 

Helianthus,  L. 

Bidens,  L. 


Illustrative  Genera. 

1.  TtTBULIFLOBiE. 

Tagetes,  Tournef. 
Anthemis,  DC. 
Anacvclus,  Pers. 
Achillea,  Neck. 
Pyrethrum,  Gcertn. 
Chrysanthemum,  DC. 
Artemisia,  L. 
Gnaphalium,  Don. 
Arnica,  L. 
Senecio,  Less. 


Calendula,  Neck. 
Xeranthemum.TWwxf/. 
Saussurea,  DC. 
Arctium,  Lam. 
Cavlina,  Tournef.    .  <  ,.\. 
Centaurea,  Less.  '  r^^** 
Cnicus,  Vaill.  ' 
Carduus,  Gartn. 
Serratula,  DC. 
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Barhadezia,  L.Jil. 
Mutisia,  Llfil- 


/  Cickoriuui,  Tournef. 
Hypochceris,  L. 
Leontodon,  L. 


2.  Labiat^eflob^:. 

Printzia,  Cass. 
Anandria,  Sicyesb. 

3.  LlGULIFLOnJE. 

Tragopogon,  L. 
Sonehus,  L. 
Lactuca,  L. 


Nassavia,  Commers. 
Trixis,  P.  Br. 

Taraxacum,  Jicss. 
Crepis,  L. 

Hieraciurn,  Tournef. 


Affinities. — This  Order,  which  is  the  most  numerous,  and,  by  some 
authors,  regarded  as  the  most  perfect  in  the  Vegetable  Kingdom,  is  li  Ice- 
wise  very  natural,  its  distinguishing  features  being  very  evident  in  almost 
every  genus.  From  its  nearest  allies,  Dipsacete  and  Calyceraceae,  it  may 
be  distinguished  by  the  condition  of  the  anthers  aniTtlre^ovule.  ,  The 
syngenesious  condition,  and,  in  some  measure,  the  general  structure  of  the 
florets,  ligulate  and  tubular,  indicate  a  near  relation  also  to  Lobeliacese 
and  Campanulacese,  wherein,  however,  the  flowers  are  not  only  large  and 
scattered,  but  the  ovaries  have  more  than  one  cell,  with  many  seeds  in 
each  cell. 

The  subdivisions  of  this  Order  are  differently  given  by  different  authors. 
The  Orders  of  the  Linnean  Class  Syngenesia,  corresponding  to  Compositse, 
are  given  in  the  Table  of  the  Linnean  Classification  (page  185).  Tubuli- 
florse,  as  above  given,  include  the  CorynibifersD  of  some  authors,  in  which 
the  style  of  the  perfect  flowers  is  not  swollen  below  the  stigma,  and  the 
Cynarese,  where  the  outer  florets  are  often  neuter  and  the  style  is  swollen 
below  the  stigmas.  The  tribes  of  the  Compositse  usually  accepted  are 
those  established  by  De  Candolle  on  the  condition  of  the  style  and  its 
stigmatic  lobes.  The  characters  of  the  genera  are  chiefly  derived  from 
the  conditions  of  the  involucre,  the  cypselous  fruit,  and  the  pappus. 

Distribution. — The  species  of  this  Order  are  more  numerous  than  those 
of  any  other  family,  and  are  universally  distributed,  forming  one-eighth  of 
the  Phanerogamia  of  Central  Europe ;  the  Tubulifiorce  are  most  abundant 
in  hot  climates,  the  Cichoracece  in  cold.  The  Labiatceflorce  belong  almost 
entirely  to  extratropical  South  America.  In  the  Northern  hemisphere 
the  Compositse  are  all  herbaceous ;  in  South  America  and  some  other 
parts  of  the  southern  hemisphere  they  are  sometimes  shrubby. 

Qualities  and  Uses. — The  plants  of  this  Order  are  not  generally  charac- 
terized by  any  very  powerful  properties : .  bitterness  is  the  prevailing 
quality,  accompanied  by  aromatic  secretions  in  the  Corymbiferce,  and  by  a 
special  lactescent  juice  in  the  Cichoracece,  which  often  contains  a  more  or 
less  active  narcotic  principle. 

Among  Corymbiferce  may  be  noticed  a  number  of  genera  possessing 
considerable  importance.  The  Artemisice,  or  Wormwoods,  are  numerous ; 
A.  Absinthium  and  pontica  are  Wormwoods  proper,  and  with  some  other 
species  are  used  not  only  as  anthelmintics,  as  their  name  indicates,  but  for 
preparing  the  bitter  liqueurs  called  Absinthe  or  Wermuthj  A.  Dracimculus 
is  the  i  arragon,  the  leaves  of  which  are  used  in  salads  and  pickles;  A. 
Abrotanvm  is  Garden  Southernwood,  used  also  for  its  bitter  flavour.  Most 
°/.  ,  .otuer  species  have  similar  properties ;  the  flower-heads  of  A.  Contra 
bieberi,  pauciflora}  Vahliana,  Sec.  are  known  on  the  Continent,  under  the 
name  of  Semen  Cmae  or  Semen  Contra,  as  powerful  vermifuges.    A.  chi- 
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ncnsis  furnishes  Moxa.  Anthcmis  nobilis,  the  Camomile,  Matricaria 
Chamomilla,  and  Pyrefhrum  Parthenium  are  valued  for  aromatic  bitter 
and  tonic  properties ;  the  species  of  Achillea  are  astringent,  or  in  some 
cases  pungent,  which  is  still  more  the  case  with  Anacyclm  Pyrcthrum. 
called  Pellitory  of  Spain,  and  A.  officinamm,  the  dried  roots  of  which 
provoke  an  active  flow  of  saliva,  and  are  used  as  a  remedy  for  toothache : 
m  a  fresh  state  these  roots  are  acrid ;  and  this  is  still  more  the  case  with 
Maruta  fcetida.  Arnica  montana,  a  plant  of  the  mountains  of  Central 
Europe,  is  narcotic-acrid  and  poisonous,  except  in  small  doses ;  its  tinc- 
ture has  a  powerful  influence  in  exciting  the  circidation  beneath  the 
skin  without  producing  vesication.  Doronicum  Pardalianches  is  said  to 
have  similar  properties,  as  also  some  species  of  Inula ;  Inula  J3.elen.ium, 
however,  is  merely  aromatic  and  tonic ;  it  is  known  under  the  name  of 
Elecampane. 

Some  species  of  Eupatorium,  including  our  native  E.  cannabinum,  are 
emetic  and  purgative  ;  E.  Ayapana  (Brazil)  has  a  reputation  as  a  local 
and  internal  application  for  snake-bites.  Matico  is  said  to  be  obtained 
from  E.  ylutinosum,  though  most  of  it  is  the  produce  of  Artanthe  elonyata, 
a  Piperaceous  plant ;  its  leaves  are  used  as  a  styptic. 

The  seeds  of  some  of  the  Corymbiferce  contain  much  fixed  oil.  The 
seeds  of  the  Sunflower  (Helianthus  annum)  are  well  known  on  this 
account ;  and  Madia  saliva  (Chili)  has  become  an  object  of  cultivation  in 
Erance  and  Germany  for  the  sake  of  the  oil  expressed  from  its  seeds,  its 
"  oil-cake  "  being  also  valuable  for  cattle.  The  esculent  tubers  called 
Jerusalem  or  Girasole  Artichokes  are  furnished  by  Helianthus  tuberosum  ; 
the  analogous  tubers  of  the  Dahlia  (Dahlia  variabilis)  are  not  available  in 
this  wav  on  account  of  a  strong  and  unpleasant  flavour  which  exists  in 
them.  "Tussilago  Farfara,  or  Coltsfoot,  which  is  mucilaginous  and  bitter, 
was  formerly  in  repute  for  affections  of  the  chest. 

The  Oynarece,  or  thistle-like  Composite,  are  equally  varied^  in  the 
concentration  of  their  qualities.  The  root  of  Carlina  acaulis  is  said  to  be 
a  violent  purgative,  and  that  of  C.  gummifera  is  known  as  an  anthelmintic. 
The  Burdock  (Arctium  Lappa),  the  Marigold  (Calendula  officinalis),  Cen- 
taurea  Calcitrapa,  and  other  allied  plants  were  formerly  esteemed  as  febri- 
fuges, diuretics,  and  alteratives,  but  have  gone  out  of  use.  The  Costus, 
celebrated  by  the  ancients  for  its  virtues,  is  supposed  to  be  the  root  of 
Auchlandia  Costus  (Cashmere).  Carihamus  tinctorius,  Safflower,  is  used 
in  dyeing  and  in  the  manufacture  of  true  rouge  ;  the  flowers  of  Calendula 
officinalis  are  used  to  adulterate  Saffron.  Serratula  tinctoria  is  also  used 
in  dyein"  yellow  and  green.  The  Globe  Artichoke  is  the  fleshy  receptacle, 
with  its" bracts,  of  Cynara  Scolymus;  Cardoons  are  the  blanched  stems 
and  petioles  of  Cynara  Cardunctdus.  _ 

The  Labiatcqflorce  are  sometimes  aromatic,  bitter,  or  mucdaginous.  The 
leaves  of  Printzia  aromatica  are  used  as  a  Tea  at  the  Cape  of  Good  Hope ; 
those  of  Anandria  discoidea  are  used  by  the  Chinese  as  the  Coltsfoot  is  m 

^Tlie  Cichoracea  include  several  plants  of  note:  the  different  kinds  of 
Lettuce,  Lactuca  virosa,  Scariola,  sativa  (the  Garden  Lettuce),  contain  a 
milky  iuice  which  has  narcotic  properties;  when  evaporated  to  dryness  it 
forms  a,  kind  of  gum,  called  by  druggists  Lactucarium,  which  is  occasion- 
ally used  as  a  sedative.    The*Garden  Lettuce  loses  much  of  its  bitterness, 
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and,  at  the  same  time,  of  its  narcotic  properties,  in  cultivation.  The 
Dandelion,  Leontodon  Taraxacum  (or  Taraxacum  Dens  Leonis),  has  also  a 
milky  juice,  which  is  valued  for  its  medicinal  properties  as  a  diuretic  and 
alterative,  with  some  sedative  qualities ;  its  roots,  and  still  more  those  ot 
Chicory  or  Succory  (Cichorium  Inti/bus),  are  used,  roasted,  to  adulterate 
coffee.  Besides  the  Lettuce  we  have  other  esculent  vegetahles  in  this 
Suborder:  Cichorium  Endivium  furnishes  the  Salad  Endive  (blanched  by 
exclusion  of  light) ;  Scorzonera  is  the  root  of  Scorzonera  hispanica,  other 
species  of  which  are  used  in  like  manner  in  different  countries ;  Salsafy 
is  the  root  of  Tragopogon porrifoUus,  or  Goat's-beard. 

The  Compositae'  include  avast  number  of  cultivated  plants.  The  Dahlia 
(D.  variabilis),  the  Chrysanthemum  (Pyrethrum  sinense,  indicum),  the 
Cinerarias  (Scnecio  omenta,  Tussilaginis,  Heritieri),  the  China  Aster  (Cal- 
listemma  hortense)  are  florist's  flowers  remarkable  for  the  number  and 
beauty  of  their  varieties.  The  Everlasting-flowers,  or  Immortelles,  are 
mostly  species  of  Gnaphalium,  together  with  Helichrysum,  Aphelexis,  &c. 
Our  native  Thistles  are  species  of  Carduus,  Onopordum,  &c. 


Order  LXXXVI.  LOBELIACM. 

Class.  Campanulinse,  Endl.    All.  Canipanales,  Lindl.    Coh.  Campanales, 

Benth.  et  Hook. 

444.  Diagnosis. — Herbs  or  shrubs  with  a  milky  juice,  alternate  leaves, 
and  scattered  flowers;  corolla  irregular,  epigynous,  monopetalous,  split 
down  to  the  base  on  one  side ;  the  5  stamens  free  from  the  corolla  and 
united  into  a  tube,  often  by  their  filaments,  and  always  by  their  anthers ; 
ovary  inferior,  1-3-celled;  style  1;  stigma  2-lipped,  surrounded  by  a 
fringe  of  hairs ;  seeds  numerous,  albuminous. 

Illustrative  Genera. 
Lobelia,  L.         |     Siphocampylus,  Pohl. 

Affinities. — The  relations  of  this  Order  to  Coinpositse  are  close,  as  is 
seen  when  we  compare  the  flowers  with  ligulate  florets  of  the  Cichoracece : 
the  structure  of  the  ovary,  however,  as  well  as  of  the  inflorescence,  divides 
them.  With  Canipanuiaceae  they  are  connected  through  the  tubular 
florets  of  Compositse,  which  resemble  the  flowers  of  Campanulaceae,  except 
in  the  structure  of  the  ovary,  which  brings  the  Campanulacea3  still  nearer 
to  Lobeliacere.  The  fringe  round  the  stigma  is  analogous  to  the  hairs  of 
the  style  of  Canrpanulaceae,  and  perhaps  also  to  the  indusiurn  of  Goode- 
niacese.    Some  Lobeliacese  have  their  petals  distinct. 

Distribution. — A  rather  large  Order,  the  members  of  which  are  chiefly 
distributed  throughout  tropical  and  subtropical  regions. 

Qualities  and  Uses. — The  milky  juice  is  acro-narcotic ;  the  species  of 
Lobelia  are  more  or  less  poisonous,  producing  effects  analogous  to  those  of 
Tobacco.  Lobelia  infiata  is  used  in  small  doses  for  spasmodic  asthma ;  it 
acts  sometimes  as  an  emetic,  but  produces  great  depression  of  the  pulse 
perspiration,  and,  in  large  doses,  death.  Most  of  the  species  are  acrid  when 
fresh;  L.  urens  produces  vesication  of  the  skin.  Tupa  Feuillei  (Chili)  yields 
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a  violent  poison.  Isotoma  longiflora  is  vesicatory,  and,  taken  internally, 
produces  death  from  violent  and  uncontrollable  purging.  The  milky 
juices  contain  Caoutchouc.  Many  species  of  Lobelia  and  Siphocampylus 
are  cultivated  for  their  showy  flowers. 

(Goodeniaceje  constitute  an  Order  of  plants  allied  to  the  Lobeliacese, 
the  Stylidiacere,  and  the  Campanulacere,  but  especially  distinguished  by 
the  remarkable  structure  of  the  upper  part  of  the  style,  which  is  expanded 
into  a  kind  of  cup  or  purse,  concealing  within  it  the  stigmatic  surface,  and 
closing  over  the  pollen  after  fertilization.  Most  of  the  Goodeniacese  are 
Australian  and  Polynesian ;  a  Sccevola  occurs  in  North-western  India  and 
in  Africa;  another  genus,  Selliera,  is  South- American.  Their  properties 
are  unimportant.  Leschenaultia  formosa,  ccerulea,  and  other  species  are 
cultivated  on  account  of  the  beauty  of  their  flowers.) 

(Brttnoniace^;,  consisting  of  two  species  of  I?ra>roMia,  Australian  plants, 
agree  with  Goodeniacese  in  the  structure  of  the  style,  but  are  sometimes 
separated  from  them  on  account  of  the  superior  position  of  the  ovary. 
Their  capitulous  inflorescence  approaches  that  of  Compositas.  They  have 
no  known  properties.) 

(Stylidiace^j  constitute  a  small  Order  of  plants  related  to  the  Goode- 
niaceas  and  the  Campanulacea?,  but  are  distinguished  by  and  remarkable  for 
the  gynandrous  structure  of  the  flowers,  the  filaments  being  adherent  to 
the  style  into  a  column  surmounted  by  the  anthers  which  overlie  the 
stigma.  This  column  exhibits  the  irritability  met  with  here  and  there  in 
Flowering  Plants :  in  Stylidium  it  hangs  over  on  one  side  of  the  flower ; 
but  when  touched  it  rises  up  and  springs  over  to  the  opposite  side,  at 
the  same  time  opening  its  anthers  and  scattering  the  pollen.  The  StyKdia 
are  chiefly  from  Australia ;  a  few  others  are  scattered  in  the  East  Indies ; 
the  Forstera  belong  to  New  Zealand  and  the  Straits  of  Magellan.  They 
have  no  known  properties.) 


Order  LXXXVII.  CAMPANULACEiE.  Bell-flowers. 

Class.  Canipanulinaj,  Endl.    All.  Campanales,  Lindl.    Coh.  Cauipanales, 

Benth.  et  Hook. 

445.  Diagnosis. — Herbs  with  a  milky  juice,  alternate  leaves,  and 
mostly  scattered  flowers ;  calyx  adherent  to  the  ovary ;  corolla 
regular,  epigynons,  bell-shaped,  valvate  in  aestivation;  stamen  a  5, 
free  from  the  coroUa,  mostly  distinct  or  coherent  just  below  the  base 
of  the  distinct  anthers ;  ovary  2-5-celled ;  stylo  1,  harry ;  stigma 
simple  or  lobed ;  capsule  many-seeded,  dehiscent  by  lateral  orifices 
or  valves  at  the  top ;  seeds  with  fleshy  albumen. 

Illustrative  Genera. 


Jasione,  L. 

Prismatocarpus,  A.  DC. 


Phyteuma,  L. 
Campanula,  L. 
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Affinities. — The  Campanulacea?  have  many  points  of  agreement  with 
the  Composite,  the  flowers  resembling  the  tubular  florets  of  that  Order 
in  the  corolla,  inferior  position  of  the  ovary,  and  number  and  position  of 
the  stamens ;  but  the  anthers  are  distinct  or  only  united  at  the  base,  and 
the  ovaiy  is  more  than  1-celled,  and  contains  many  seeds ;  in  Jasione  and 
Phyteuma  the  flowers  are  in  capitula,  almost  like  those  of  Composite. 
They  are  only  separated  from  Lobeliacese  by  the  regularity  of  their 
flowers,  the  globular  (not  elliptical)  pollen-grains,  and  the  peculiar  hairs 
of  the  style ;  which  points  of  structure  likewise  separate  them  from  Goo- 
deniacefe  and  Stylidiaceaa.  On  the  other  hand  they  approach  Vaccinieee, 
from  which  they  differ  in  the  number  of  the  stamens  and  their  porous 
dehiscence,  the  style,  and  the  habit. 

Distribution. — A  large  Order,  the  members  of  which  belong  mostly  to 
the  temperate  parts  of  the  Northern  hemisphere. 

Qualities  and  Uses. — The  milky  juice  has  properties  analogous  to  that 
of  the  Composite,  and  is  sometimes  rather  acrid ;  but  the  young  roots  and 
shoots,  especially  when  cidtivated,  are  often  edible ;  Eampions  are  the 
roots  of  Campanula  Mapunculns ;  Specularia  Speculum  and  other  species 
have  been  used  in  salads.  The  Campanulas,  commonly  known  as  Canter- 
bury  Bells,  Hair-bells,  &c,  are  numerous  in  cultivation ;  and  other  genera 
have  also  handsome  flowers. 


Order  LXXXVIII.  ERICACEAE.    The  Heath  Order. 


Class.  Bicornes,  Encll. 


All.  Ericales,  Lindl. 
Hook. 


Coh.  Ericales,  Benth.  et 


Fig.  389. 


446.  Diagnosis. — Shrubs,  or  sometimes  herbs,  with  regular  or 
nearly  regular  flowers ;  corolla  gamo-  or 
polypetalous,  hypogynous  or  epigynous  Fig.  388. 
( Vacciniece)  ;  stamens  as  many,  or  twice 
as  many  as  the  petals  of  the  4—  5-lobed  or 
4-5-petalous  corolla,  free  from  the  corolla, 
hypogynous  or  epigynous;  anthers  2- 
celled,  commonly  with  appendages,  and 
opening  by  terminal  chinks  or  pores 
(figs.  388,  389);  style  1 ;  ovary  3-10- 
celled ;  seeds  small,  anatropous ;  embryo 
small  or  minute,  in  fleshy  albumen. 

The  Ericaceae  are  divisible  into  four 
very  distinct  Suborders,  which  are  some- 
times ranked  as  Orders. 

1.  Vaccisie*.    Shrubby,  or  more  or  less  woody  herbs,  with  an 
adherent  calyx,  monopetalous  epigynous  corolla,  epigynous  stamens 
^-parted  anthers  opening  by  pores,  containing  4-nate  pollen-grains  • 


Fig.  387.  Flower  of  Erica. 
Fig.  388.  Stamen  of  Erica. 
Fig.  389.  Stamen  of  Yaccmium. 
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the  inferior  ovary  becoming  a  berry  snrmountcd  by  the  teetb  of  the 
calyx. 

2.  Ertctnejs.  Shrubs  or  small  trees,  with  a  free  calyx ;  a  mono- 
petalous  or  polypetalous  corolla  springing  with  the  stamens  from 
the  receptacle ;  anthers  opening  by  pores. 

3.  PrrtoLEiE.  Woody  herbs  with  evergreen  foliage  ;  calyx  free  ; 
corolla  of  5  distinct  hypogynous  petals ;  stamens  hypogynous ; 
anthers  porous ;  seeds  with  a  loose  cellular  testa  and  minute 
nucleus. 

4.  Monotb.ope.ze .  Pleshy  herbs  with  scale-like  leaves,  destitute 
of  green  colour  ;  calyx  free  ;  corolla  mono- or  polypetalous  ;  stamens 
hypogynous ;  pollen  simple. 

Illustrative  Genera. 

1.  Vacclnte^:. 
Oxycoccus,  Tournef.  Vaccinium,  L. 

2.  Ericlne^. 


Tribe  1.  erice^.  Fruit  loculi- 
cidal,  rarely  septicidal  or  baccate; 
buds  naked. 

Erica,  L. 

Andromeda,  L. 

Arbutus,  Tournef. 

Arctostaphylos,  Adam. 


Tribe  2.  rhododendre^s.  Fruit 
capsular,  septicidal;  buds  scaly,  cone- 
like. 

Azalea,  L. 

Rhododendron,  L. 

Ledum,  L. 


3.  Pyrole^:. 
Chimaphila,  Pursh.     |     Pyrola,  Tournef. 

4.  Mono-tropes. 
Monotropa,  Mitt.     |     Schweinitzia,  Ml.     |     Pterospora,  Nutt. 

Affinities.— The  Suborders  brought  together  under  this  head  are  con- 
nected by  the  general  plan  of  structure;  but  the  details  are  subject  to 
wide  variation,  not  only  including  monopetalous  and  polypetalous  con- 
ditions, but  even  hypogynous  and  epigynous.  By  many  authors  these  sub- 
divisions are  ranked  as  distinct  Orders.  The  Vacciniece,  with  their 
inferior  ovary,  stand,  if  separated,  among  the  epigynous  Calycifloral 
Orders,  near  Campanulacete  or  Cinchonacea?  ;  consequently  they  form  a 
connecting  link  between  the  Oalyciflorals  and  Corolhflorals,  indicating 
the  artificiality  of  this  division;  they  even  appear  related  to  the  pengy- 
nous  Oalyciflorals  by  Escalloniece  in  Saxifragaceas.  The  Frtcmea  oilier 
from  the  Vaccinica  principally  in  the  superior  ovary  and  hypogynous 
corolla;  and  the  stamens  are  here  nearly  if  not  quite  hypogynous  which, 
with  the  many-celled  ovary,  divides  them  from  Gentianacese  and  allied 
Orders  The  Fricinea  are  nearly  allied  to  the  Epacridacere ;  but  those 
have  1 -celled  anthers.    The  Pyrolece  have  the  sepals  and  petals  more  or 
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less  distinct,  are  more  herbaceous  in  habit  than  the  foregoing,  and  their 
seeds  are  remarkably  different ;  P.  aphyUa,  a  plant  devoid  of  green  colour, 
and  with  leaf-scales  in  place  of  leaves,  connects  this  Suborder  with  Mono- 
tropecc,  which,  however,  differ  in  the  dehiscence  of  the  anthers,  and  m 
having  the  minute  embryo  at  the  apex  instead  of  the  base  of  the  fleshy 
albumen.  Some  doubt  exists  whether  the  last  Suborder  are  really  para- 
sitical plants  :  they  grow  among  the  fibrils  of  the  roots  of  trees,  and  have 
all  the  appearance  of  parasites,  but,  with  Duchartre,  we  have  never  been 
able  to  see  any  union  in  Monotropa,  In  the  character  of  habit  they  re- 
semble Orobanchaceae ;  but  we  do  not  consider  this  a  strong  sign  of 
afiinitv  in  Flowering  plants. 

Distribution.— A  large  Order,  the  members  of  which  are  generally  diffused 
in  temperate  climates  over  heathy  and  boggy  tracts,  in  subalpine  and 
alpine  localities,  all  over  the  world — the  Rhododendra  especially  m  India, 
and  the  Befarice  in  South  America.  Remarkably  abundant  at  the  Cape 
of  Good  Hope. 

Qualities  and  Uses. — The  general  character  is  astringency.  The  fruits  of 
various  Vacciniece  and  Ericece  are  edible — as  Oxycoccus  palustris  and  0. 
macrocarpa  (the  European  and  North- American  Cranberries),  Vaccinium 
Myrtillus  (the  Bilberry),  V.  Vitis-Idcea  (the  Eed  Whortleberry),  and  V. 
utiiginosum  (the  Black  Whortleberry),  Gaultheria  procumbens,  G.  hispida 
(Tasmania),  &c.  But  others  are  dangerous  or  even  narcotic  poisons,  and 
this  extends  to  the  foliage  of  such  kinds,  especially  species  of  Rhodo- 
dendron, Azalea,  Andromeda,  Kalmia,  &c.  Uva-Ursi  leaves,  Arctostaphy- 
los  Uva-  Ursi,  are  mixed  with  Tobacco  by  the  North-American  Indians, 
and  are  esteemed  as  astringents ;  those  of  some  Pyrolece,  as  Chimaphila 
wmbellata,  American  Wintergreen,  are  used  as  diuretics.  Oil  of  Winter- 
green,  known  as  an  antispasmodic  agent,  and  used  in  perfumery,  is 
obtained  from  the  fruit  of  Gaidtheria  procumbens.  A  vast  number  of 
species  of  Erica,  Rhododendron,  Azalea,  &c,  with  numerous  varieties  and 
hybrids,  are  objects  of  cultivation  on  account  of  the  peculiarity  and 
beauty  of  their  flowers.  They  especially  constitute  what  are  called 
"  American  Plants  "  by  gardeners,  the  American  Rhododendra,  Azalea,  and 
Kalmice,  &c.  being  those  which  first  strongly  occupied  the  attention  of 
florists.    Some  of  the  East-Indian  Rhododendra  are  epiphytes. 

(EpACBiDACEiE  are  closely  related  to  Ericaceae,  but  are  distinguished 
by  the  one-celled  anthers  opening  by  a  chink;  the  filaments  are  also 
commonly  adherent  to  the  corolla.  The  Order  is  commonly  divided  into 
two  Tribes:  1.  Stypheliese,  with  one  ovule  in  each  cell  of  the  ovary,  and 
fleshy  fruits;  and  2.  Epacreae,  with  numerous  ovules  in  each  cell  of  the 
ovary,  and  capsular  fruit.  They  are  peculiar  to  Australia,  the  Indian 
archipelago,  and  the  South-Sea  islands,  occurring  in  great  abundance,  in 
the  same  way  as  the  Ericece  do  at  the  Cape  of  Good  Hope.  They  do  not 
appear  to  possess  any  active  properties:  many  of  them  bear  succulent 
berries ;  and  some  of  them  are  eaten,  as  those  of  Lissanthe  sapida,  Astro- 
hma  humifmum,  the  Tasmanian  Cranberry,  &c.  Many  of  the  Epacri- 
daceae  are  in  cultivation  on  account  of  the  beauty  of  their  flowers.) 
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Order  LXXXIX.  OLEACE/E.  The  Olive  and  Ash  Order. 


Class.  Contorta3,  JEndl. 


All.  Solanales,  Lindl. 
Benth  et.  Hook. 


Coh.  Jasminales, 


447.  Diagnosis. — Trees  or  shrubs  with 
opposite  and  pinnate  or  simple  leaves ; 
flowers  with  a  4-cler't  (or  sometimes  ob- 
solete) calyx ;  a  regular  4-cleft  or  nearly 
or  quite  4-divided,  hypogynous  corolla, 
the  lobes  of  which  are  valvate  in  the  bud, 
or  sometimes  apetalous;  stamens  2-4, 
mostly  2,  and  fewer  than  the  lobes  of  the 
corolla  (figs.  390,  391)  ;  ovary  2-celled, 
with  2  suspended  ovules  in  each  cell; 
fruit  fleshy  or  capsular,  often  1-seeded 
by  abortion ;  seeds  with  abundant  fleshy 
albumen ;  radicle  superior. 


Fig.  390. 


Fig.  391. 


lagra 

(Syringa):  jc,  bract;  a, 
bracteoles. 
Fig.  391.  Flower  oi  Fraxinus. 


Illustrative  Genera. 


Tribe  1.  Ole^e.    Fruit  fleshy. 
Olea,  Tournef. 
Phillyrea,  Tournef. 
Ligustrum,  Tournef. 


Tribe  2.  Fraxine-s:. 
sometimes  samaroid. 
Fraxinus,  Tournef. 
Ornus,  Pers. 
Syiinga,  L. 


Fruit  dry, 


Affinities. — The  relations  of  this  Order  are  rather  obscure.  Some  authors 
connect  them  with  the  Jasminaceas ;  but  although  some  of  the  genera 
approach  that  Order  in  structure,  they  appear  to  be  distinct  in  their 
valvate  corolla,  adnate  (dorsifixed)  anthers,  pendulous  ovules,  and  the 
nature  of  the  albumen.  The  Salvadoracea?  are  also  to  be  regarded  as  a 
neighbouring  family.    Lindley  thinks  the  Order  allied  to  Solanaceae. 

Distribution.— A  small  Order,  the  members  of  which  are  chiefly  found 
in  temperate  climates. 

Qualities  and  Uses. — The  most  important  plant  of  the  Order  is  the 
Olive  {Olea  europcca),  so  largely  cultivated  for  the  bland  oil  expressed 
from  the  fleshy  pericarps.  Ornus  europcea,  0.  rotundifolia,  and  Fraxinus 
excelsior  have  a  sweet  juice'  which  hardens  into  the  substance  called 
Manna.  Fraxinus  excelsior  is  the  common  Ash-tree,  so  valuable  for  its 
tough  wood ;  it  only  produces  Manna  in  a  warmer  climate  than  Britain ; 
its  baric,  as  well  as  that  of  the  Olive  and  the  Garden  Lilac  {Sgringa  vul- 
garis), lias  decided  febrifuge  qualities.  The  leaves  of  the  Ash  act  like 
'senna.    The  flowers  of  Olea  fragrans  are  used  in  China  to  flavour  Tea. 

This  Order  contains  several  of  the  commonest  flowering  shrubs  of  our 
gardens,  the  Lilac  {Sgringa),  Privet  {Ligustrum),  FhiUyrea,  Chionan- 
thus,  &c. 
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Order  XC.  JASMINACEjE.    The  Jasmine  Order. 

Class.  Contortae,  Midi.    All.  Echiales,  Lindl.    Coh.  Jasminales, 
Bentli.  et  Hook. 

448.  Diagnosis.— Shrubs,  often  witli  twining  stems ;  leaves  opposite  or 
alternate,  mostly  compound ;  calyx  and  corolla  hypogynous,  5-8-parted, 
corolla  imbricated  in  the  bud;  stamens  2,  projecting  from  the  tube  of 
the  corolla;  ovary  superior,  2-lobed,  2-celled,  with  1-4  erect  ovules  in 
each  cell ;  fruit  a'berry  or  capsule ;  seeds  with  little  or  no  albumen. 

Illustrative  Genera. 
Jasminum,  L.     |     Nyctanthes,  Juss. 

Affinities — This  Order  is  distinguished  from  the  Oleaceae  by  the  im- 
bricated aestivation  of  the  corolla,  the  erect  ovules,  and  the  small  quantity 
of  albumen  in  the  seeds,  besides  the  number  of  the  organs  in  the  floral 
envelopes,  which  is  seldom  a  multiple  of  the  stamens :  most  authors  place 
it  near  Oleaceae,  others  near  Apocynaceae  and  Ebenaceae ;  but  Lindley 
thinks  it  has  little  connexion  with  them  and  really  approaches  more 
closely  to  Verbenaceae. 

Distribution.— The  Order  is  not  very  extensive;  the  major  part  of  the 
plants  are  East-Indian ;  a  few  occur  scattered,  two  even  in  South  Europe. 

Qualities  and  Uses. — The  leaves  and  roots  appear  to  possess  a  certain 
acridity ;  but  the  most  remarkable  quality  is  the  fragrance  of  the  flowers 
of  many  kinds,  from  the  presence  of  a  volatile  oil.  Jasminum  officinale, 
J.  grandiflorum,  and  J.  Sambac  especially  yield  this.  Nyctanthes  Arbor 
tristis  is  also  exceedingly  fragrant,  but  in  the  night-time  only;  its 
corollas  yield  an  orange  dye. 

(Columelliace^  consist  of  a  few  species  of  Mexican  or  Peruvian 
plants,  which  have  been  supposed  to  approach  Jasminaceae,  or  still  more 
closely  to  Gesneraceae  and  Rubiaceae  ;  but  their  structure  is  not  well  made 
out.  They  have  an  adherent  calyx,  epigynous  corolla,  two  stamens  with 
sinuous  anthers,  and  an  inferior  2-celled  ovary  with  numerous  ovules. 
Seeds  albuminous ;  embryo  minute. 

_  (Salvatjorace^  are  a  small  Order  of  shrubs  or  small  trees  with  oppo- 
site leathery  leaves,  panicled  small  flowers;  calyx,  corolla,  and  stamens 
4-merous,  hypogynous ;  ovary  superior,  1-celled ;  stigma  sessile ;  ovule  1, 
erect ;  fruit  fleshy,  1-seeded,  and  the  seed  without  albumen.  It  is  related 
by  its  4-nary  structure  to  Oleaceas  and  to  Plantaginaceos,  having  a  mem- 
branous corolla  like  the  last ;  also  resembling  Plumbaginaceae  in  habit. 
The  species  are  found  in  India,  Asia  Minor,  and  North  Africa.  The  most 
important  is  Salvadora  persica,  supposed  to  be  the  Mustard-tree  of  the 
Bible,  its  fleshy  fruit  having  an  aromatic  odour  and  tasting  like  garden- 
cress.  The  bark  of  its  root  is  used  in  India  as  a  vesicatory.  The  leaves 
ol  S.  indica  are  purgative.) 
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Order  XCI.  PLANTAGINACM. 

Class.  Plunibagines,  Endl.    All.  Cortusales,  Lindl.    Coh.  Plantaginales, 

Benth.  et  Hook. 

449.  Diagnosis. — Chiefly  herbs  with  undeveloped  stems  and  tufts  of 
leaves  spreading  more  or  less  on  the  ground ;  flowers  spiked,  regular,  4- 
inerous,  the  4  stamens  attached  to  the  tube  of  the  hypogynous  dry  and 
membranous  monopetalous  corolla,  alternating  with  its  lobes ;  the  fila- 
ments long  and  slender,  and  the  anthers  versatile ;  ovary  simple,  but 
spuriously  2-  or  4-celled  by  temporary  adherence  of  the  angles  of  the  free 
central  placenta  to  the  walls ;  ovules  1,  2,  or  numerous,  peltate ;  style 
and  stigma  simple,  the  latter  rarely  cleft;  capsule  membranous,  dehis- 
cence circumscissile ;  seeds  1,  2,  or  many,  albuminous ;  the  testa  mucila- 
ginous. 

Illustrative  Genera. 
Littorella,  L.     |     Plantago,  L. 

Affinities. — This  Order  appears  to  find  its  nearest  relatives  in  Plum- 
baginacese  and  Primulacese,  from  which,  however,  the  position  of  the 
stamens,  alternating  with  the  lobes  of  the  corolla,  distinguishes  it,  in 
addition  to  other  characters  noticed  under  those  Orders.  The  supposed 
affinity  to  Amaranthacese  and  Chenopodiaceaj  does  not  appear  well  made 
out.  In  Littorella  there  is  a  tendency  to  abortion  in  one  or  other  set  of 
essential  organs,  producing  a  diclinous  condition. 

Distribution.— A  not  very  extensive  group,  the  species  of  which  are 
generally  diffused,  but  most  abundant  in  temperate  climates. 

Qualities  and  Uses.— The  foliage  is  slightly  bitter  and  astringent,  but 
the  plants  are  not  now  regarded  on  this  account.  The  seeds  of  many 
species  of  Plantaqo,  such  as  P.  Psyllium,  arenaria,  Ci/nops,  &c,  were 
much  used  formerly  on  the  Continent,  under  the  name  of  Semen  I  sylln 
and  S.  Pulicariaj,  or  Flea-seed,  for  making  mucilaginous  drinks  like  those 
prepared  from  linseed;  the  spikes  of  the  fruit  of  P.  major  are  much  gathered 
in  the  green  state  under  the  name  of  Plantain,  for  feeding  caged  birds. 
P.  major,  minor,  and  lanceolata,  called  Plantains  or  Road-weeds,  are 
among  the  commonest  of  our  weeds  on  road-sides,  in  meadows,  and  all 
undisturbed  ground  where  the  soil  is  not  very  light. 


Order  XCII.  PLUMBAGINACE^.    The  Thrift  Order. 

Class.  Plumbagines,  Endl.    All.  Cortusales,  Lindl.    Coh.  Primulales, 

Benth.  et  Hook. 

450.  Diagnosis—Uptime  or  mountain  herbs  or  under-shrubs  often 
will,  ^developed  stems  and  clustered  leaves;  flowers  regular  5-m,  urn. 
with  a  plaited  calyx;  the  5  stamens  opposite  the  separate  petals  or _  the 
lobes  ofthe  monopetalous  corolla;  the  free  ovary  1-celled,  with  a  solitary 
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ovule  hanging  from  a  long  funiculus  which  arises  from  the  base  of  the 
cell;  styles  5,  rarely  3  or  4;  fruit  either  utricular  or  dehiscent  by  valves 
above ;  seed  with  a  simple  testa  and  little  albumen. 

Illustrative  Genera. 
Statice,  L.  |  Plumbago,  Tournef. 

Affinities. — This  Order  is  strongly  characterized  by  the  peculiar  attach- 
ment of  its  ovule  :  this,  with  the  numerous  styles,  separates  it  from  the 
Primulacese,  which  it  approaches  in  the  position  of  the  stamens  and  some 
other  points;  the  same  characters,  with  the  position  of  the  stamens,  distin- 
guish it  from  Plantaginaceas ;  and  these  marks,  with  the  plaited  calyx, 
isolate  it  from  all  the  other  Corollifloral  Orders,  among  which  it  claims 
a  place  in  spite  of  the  occasionally  polypetalous  or  even  apetalous  con- 
dition. 

Distribution. — A  rather  large  group ;  some  kinds  are  found  all  over  the  ' 
world  on  the  sea-shore ;  others  are  more  local  in  similar  habitats,  in 
salt-marshes  and  in  saline  steppes,  while  others,  again,  belong  to  alpine 
regions. 

Qualities  and  Uses. — The  properties  are  either  bitter  and  astringent,  or 
acrid  and  caustic.  The  roots  of  Statice  caroliniana  are  powerfully  astrin- 
gent ;  those  of  Plumbago  europcea,  zeylanica,  scandens,  and  others  are  very 
active  blistering-agents  when  fresh ;  that  of  P.  europcea  is  used  dried  as 
a  remedy  for  toothache.  P.  toxicaria  is  said  to  furnish  a  poison  in 
Mozambique.  The  Garden  Thrift  (Armeria  vulgaris),  commonly  used  for 
edging,  like  Box,  is  said  to  be  an  active  diuretic :  the  dried  flowers  are 
used  for  this  purpose.  Small  doses  of  the  root  of  Plumbago  europcea  are 
said  to  act  as  an  emetic. 

The  flowers  of  many  of  the  Plumbaginaceas,  especially  species  of  Sta- 
tice, are  very  handsome,  and  many  are  cultivated  on  this  account. 


Order  XCIII.  PRIMULACEJE.    The  Primrose  Order. 

Class.  Petalanthre,  Endl.    All.  Cortusales,  Lindl.    Coli.  Priruvdales, 

Penth.  et  Hook. 

451.  Diagnosis. — Herbs  with  opposite  or  alternate  simple  leaves 
and  regular,  perfect  flowers ;  the  stamens  as  many  as  the  lobes  of  the 
monopetalous  (rarely  polypetalous)  hypogynous  corolla,  and  attached 
opposite  to  them  in  the  tube ;  ovary  1-celled.  with  a  free  central 
P.l.acenfa  bearing  several  or  numerous  albuminous  seeds,  a  simple  style, 
and  a  capitate  stigma.  " 

Character. 

Calyx  5-  or  rarely  4-clcft,  free  or  half- adherent,  regular,  persistent 
Corolla  hypogynous, monopetalous,  and  the  limb  regularly  5-, or  rarely 
4-cleft;  or  more  rarely  composed  of  separate  petals,  or  absent. 
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Fig.  392. 


Stamens  equal  in  number  to  the  petals  or  lobes  of  the  corolla  and 
adherent  to  them;  or  in  apetalous  flowers 
hypogynous  and  alternating  with  the 
teeth  of  the  calyx. 

Ovary  1 -celled,  with  a  free  central  pla- 
centa bearing  many  ovules;  style  single; 
stigma  capitate. 

Fruit :  a  capsule  opening  by  valves,  more 
rarely  circumscissile  (fig.  392),  many- 
seeded  ;  seeds  peltate ;  the  embryo  in 
fleshy  albumen. 


Capaule  oiAnagallis  opening  by 
circumscissile  dehiscence] 


Primula,  L. 
Cyclamen,  Tournef. 


Illustrative  Genera. 

Glaux,  loumef. 
Lysimachia,  Mosnch. 


Anagallis,  Tournef. 
Samolus,  Tournef. 


Affinities — This  is  an  Order  which  strongly  attracts  the  attention  of 
Structural  Botanists  on  account  of  the  peculiarities  and  anomalies  which 
it  presents.  It  is  one  of  those  in  which  the  free  central  placenta  (§  226) 
is  most  distinctly  seen,  forming  an  exception  to  the  very  general  rule  of 
the  placentas  arising  from  the  margins  of  the  carpels.  Li  the  next  place 
the  position  of  its  stamens  opposite  the  petals  is  an  exception  to  the  rule 
of  alternation  of  the  organs  of  successive  floral  whorls,  to  he  explained 
only  by  supposing  an  intermediate' whorl^of  stamens  to  he  suppressed  (in 
favour  of  which  is  found  the  condition  of  Samolus,  Lysimachia  ciliata, 
and  others,  where  five  teeth,  which  may  be  abortive  stamens,  alternate 
with  the  lobes  of  the  corolla),  or  by  the  hypothesis  of  chorisis  (§§  149, 152). 
In  Samolus  we  have  the  calyx  partially  adherent  to  the  ovary.  In  some 
foreign  genera  the  petals  are  either  nearly  or  quite  distinct.  In  Trientalis 
mropcea  the  lobes  of  the  calyx,  corolla,  and  the  number  of  stamens  vary 
from  5  to  9.    In  Glaux  the  corolla  is  absent,  and  the  calyx  coloured. 

The  relations  to  Plunibaginacese  are  very  close,  both  in  the  structure  and 
the  habit  of  many  kinds,  as  between  Androsace  and  some  Primula)  and  Ar- 
meria,  &c. ;  but  the  solitary  ovule  of  that  family  is  a  distinctive  character. 
The  Primnlaceas  are  still  nearer  to  the  exotic  Order  Myrsinaceae  as  regards 
the  structure  of  the  flowers ;  but  those  are  frees  or  shrubs  with  berry-like 
fruits,  and  have  minor  characters  of  distinction  noticed  under  that  Order. 
On  the  other  hand,  they  approach  Solanacere  in  habit,  but  differ  much  in 
structure. 

Distribution. — A  considerable  family,  the  species  of  which  are  chiefly 
foimd  in  temperate  and  cold  parts  of  the  Northern  hemisphere,  in  alpine 
regions  or  the  sea-shore  when  in  lower  latitudes. 

Qualities  and  Uses.— The  Cowslip  (Primula  verts)  and  other  species 
appear  to  possess  sedative  properties.  The  Soldanvll<e  are  slightly  purga- 
tive. The  Cyclamens  have  a  fleshy  tuber  which  is _ more  or  less  acrid; 
and  Cyclamen  curopaum  is  said  to  be  a  drastic  purgative. 

The  most  remarkable  quality  is  perhaps  the  beauty  of  the  flowers,  for 
which  a  great  number  are  cultivated,  especially  species  of  Primula,  which 
includes  the  Cowslip,  the  Primrose  proper  (P.  vulgaris),  the  Polyanthus, 
a  garden  variety  of  this,  the  Oxlip  (P.  elatior),  the  Auricula  (P.  Auricula, 
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from  the  Alps),  &c.  Many  dwarf  species  of  Primula  and  Androsace  are 
"  alpine  plants,"  as  is  also  Soldanella.  Olaux  and  Samohis  belong  to  salt- 
marshes  ;  RoUonia  to  freshwater  brooks,  having-  feathery  submerged  leaves ; 
the  Lysimachice  mostly  grow  in  wet  places.  Many  of  the  genera  are  repre- 
sented in  our  native  flora,  while  Androsace,  Dodecatheon,  and  Soldanella, 
which  are  mostly  alpine  plants,  are  commonly  cultivated. 

(Myksinace^!  are  so  closely  related  to  Primulacese  in  the  structure  of 
the  flowers  that  no  absolute  character  of  distinction  can  be  drawn  there- 
from, since  the  imbedding  of  the  ovules  in  the  placenta,  general  here, 
occurs  in  several  Primulaceous  genera,  for  example  in  Atiagallis.  _  But  the 
Myrsinacese  are  of  shrubby  or  tree-like  habit,  and  their  fruit  is  fleshy. 
They  belong  chiefly  to  the  islands  of  the  Southern  hemisphere ;  and  some 
of  thern  are  cultivated  in  this  country  as  evergTeen  shrubs  requiring  pro- 
tection in  winter.  The  seeds  of  some  species  of  Tlieophrasta  and  Myrsine 
are  nutritious ;  and  the  berries  of  some  plants  of  the  Order  are  edible, 
although  others  are  said  to  be  cathartic.) 

(./Egicebace^:  include  a  genus  of  plants  growing  on  sea-shores  in  the 
tropics,  and  rooting  from  the  seed-vessels  like  Rhizophoraceae,  and  con- 
sidered to  form  a  distinct  Order  by  some  writers.  JEgiceras  differs  from 
Myrsinacese  chiefly  in  having  exalbuminous  seeds,  a  follicular  fruit,  and 
transverse  dehiscence  of  the  anthers.) 


Order  XCIV.  SAPOTACEtE. 

Class.  Petalanthse,  Midi.    All.  Rhamnales,  Lincll.    Coh.  Sapotales, 

Bentli.  et  Hook. 

452.  Diagnosis. — Trees  or  shrubs,  mostly  with  a  milky  juice ;  leaves 
alternate,  simple  and  entire  (often  rusty-downy  beneath)  ;  flowers  small, 
regular  and  perfect,  usually  in  axillary  clusters ;  calyx  free  and  persistent ; 
the  fertile  stamens  commonly  as  many  as  the  lobes  of  the  short  hypogy- 
nous  corolla,  and  opposite  to 'them,  attached  to  the  tube  along  with  one  or 
more  rows  of  appendages  and  scales  or  sterile  stamens ;  anthers  extrorse ; 
ovary  4-12-celled,  with  a  single  anatropous  ovule  in  each  cell;  seeds 
large,  usually  albuminous. 

Illustrative  Genera. 
Chrysophyllum,  L.    |     Isonandra,  Wight.     |     Bassia,  Kbn. 

Affinities — Allied  to  Myrsinaceas,  but  distinguished  by  the  placentation 
anatropal  ovides,  and  other  important  characters,— also  to  the  Ebenacefe' 
which  they  resemble  in  habit;  but  they  have  a  milky  juice,  and  wood' 
generally  of  a  soft  character ;  other  differences  also  exist  in  the  perfect 
flowers,  such  as  erect  ovules,  simple  styles,  &c. 

an^Aniericr'^  considerable  Sl'0UP-    Chiefly  tropical :  Asia,  Africa, 

Qualities  and  uses.— The  plants  of  this  Order  are  valuable  for  succu- 
lent truits,  tebnluge  bark,  oleaginous  secretions,  and  peculiar  gum-resins  in 
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the  milky  juices.  Of  the  fruits,  the  Sapodilla  Plum  {Achras  Sapota), 
the  Marmalade  (A.  mammosa),  the  Star-apple  (ChrysophyUwm  Cainito) 
and  the  Surinam  Medlar  (Mimusops  Elentji)  are  the  most  noted.  The 
bark  of  various  species  of  Achras  has  been'used  as  a  substitute  for  Cin- 
chona. The  fruits  of  Bassia  butyracea  and  B.  lonqifolia  yield  a  butter- 
like oil,  largely  used  in  India;  another  species  in  Africa  is  said  to  yield 
the  Shea  or  Galam  butter  mentioned  by  travellers.  Isonandra  Gutta  is 
the  tree  from  which  Gutta  Percha  is  obtained,  by  evaporating  the  milky 
juice. 


Order  XCV.  EBENACEiE.    The  Ebony  Order. 

Class.  Petalanthse,  Midi.    All.  Gentianales,  Lindl.    Coh.  Sapotales, 

Benth.  et  Hook. 

453.  Diagnosis. — Trees  or  shrubs  with  alternate  entire  leaves,  without 
milky  juice;  flowers  regular,  polygamous,  with  the  calyx  free  from  the 
3-12-celled  ovary  ;  the  stamens  twice  or  four  times  as  many  as  the  lobes 
of  the  corolla,  often  in  pairs  before  them  ;  anthers  introrse ;  fruit  a  several- 
celled  berry ;  ovules  1  or  2,  suspended  from  the  summit  of  each  cell  ; 
seeds  large,  albuminous ;  radicle  superior. 

Illustrative  Genera. 
Royena,  L.  Diospyros,  L. 

Affinities. — The  Ebenaceffi  are  distinguished  from  the  Sapotacea?  by 
several  important  characters  noted  under  that  Order ;  on  the  other  hand, 
they  approach  the  Aquifoliacea3  in  many  points,  but  are  separated  by 
their  strongly  coherent  floral  envelopes,  usually  numerous  stamens,  and 
twin  ovules,  &c.  To  the  Oleacete  they  are  allied  by  the  placentation  and 
other  points ;  but  the  alternate  leaves,  more  numerous  stamens,  and  com- 
monly diclinous  flowers  afford  veiy  marked  distinctions.  The  Styra- 
cacese  are  also  very  near  to  this  Order,  but  frequently  have  an  adherent 
calyx,  petals  less  coherent,  and  a  simple  style  with  a  capitate  stigma. 

Distribution. — A  considerable  group,  the  members  of  which  are  dis- 
tributed mostly  in  tropical  India,  but  a  few  are  scattered  elsewhere. 

Qualities  and  Uses. — The  principal  property  which  has  been  noted  in 
these  plants  is  astringency ;  but  they  are  better  known  and  far  more 
important  on  account  of  their  hard  and  dark-coloured  wood,  the  heart- 
wood  of  many  species  of  Diospyros  constituting  Ebony  ;  D.  Ebemts  yields 
it  in  Mauritius;  D.  Melanoxylon  on  the  Coromandel  coast;  D.  Ebenaster 
is  the  bastard  Ebony  of  Ceylon ;  and  D.  hirsuta  has  a  variegated  wood 
called  Calamander.  Other  species  are  also  used.  D.  virginiana,  aNorth- 
Americau  species, bears  the  fruit  called  Persimmon  or  Date-plum,  which 
is  astringent  when  ripe,  but  is  eaten  after  it  has  been  afl'ected  by  frost. 
Diospyros  Lotos  (Europe)  and  D.  Kaki  (China)  have  also  edible  fruit. 
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Order  XCVI.  AQUIFOLIACEiE  or  ILICACE.E. 
The  Holly  Order. 

Class.  FrangulacesB,  Endl.    All.  Gentianales,  Lindl.    Coh.  Olacinales, 

Benth.  et  Hook. 

454.  Diagnosis— Trees  or  shrubs,  with  small  axillary  4-6-rnerous 
flowers,  sometimes  diclinous  by  abortion ;  a  minute  corolla  free  from  the 
4-6-celled  ovary  and  the  4-6-seeded  berry ;  the  stamens  as  many  as  the 
divisions  of  the  almost  or  quite  divided  4-6-petalous  corolla,  alternate 
with  them,  attached  to  the  very  base;  ovary  2-6-celled;  cells  with 
1  ovule ;  stigma  almost  sessile,  lobed ;  fruit  succulent,  with  2-6-stones ; 
seeds  suspended,  with  copious  fleshy  albumen ;  radicle  superior. 

Illustrative  Genera. 
Hex,  L.  Prinos,  L. 

Affinities. — The  affinities  of  Aquifoliaceae  to  Ebenacese  and  Sapotacese 
have  been  noticed  under  those  Orders.  Some  authors  consider  them  re- 
lated to  Rhamnaceae  or  Celastraceae ;  but  their  monopetalous  corolla, 
want  of  disk,  straight  embryo,  and  their  relations  to  Ebenacese,  as  well 
as  the  difference  in  the  ovary  and  seeds,  remove  them  from  the  immediate 
neighbourhood  of  those  Orders.  On  the  other  hand,  they  exhibit  some 
approach  to  Loganiaceae  and  Apocynacese. 

Distribution. — A  small  Order,  widely  scattered,  but  sparingly.  Hex 
Aquifolium,  the  Holly,  is  the  only  European  species. 

Qualities  and  Uses. — The  bark  is  ordinarily  astringent  and  tonic,  and 
that  of  the  Common  Holly  is  esteemed  a  febrifuge ;  its  berries  produce 
emetic  and  purgative  action ;  its  leaves,  and  still  more  those  of  Ilex  para- 
ffuayensis,  called  Mate"  or  Paraguay  Tea,  resemble  Tea  in  property,  as  is  the 
case  also  with  Prinos  glabra,  a  North-American  shrub.  Other  species  of 
Ilex  are  also  used  for  this  purpose  in  South  America.  The  viscid  substance 
called  Bird-lime  is  made  from  the  bark  of  the  Holly ;  and  its  close  white 
wood  is  valued  by  cabinet-makers. 

(Styracace^  are  remarkable  among  the  Orders  here  placed  near  it  for 
the  inconstancy  of  the  character  dependent  on  the  adhesion  of  the  calyx ; 
Miers  divides  it  into  two,  Symplocacese  and  Styracaceae,  separated  by  this 
mark,  and  by  the  aestivation  ef  the  corolla  and  other  points.  It  is  com- 
monly regarded  as  related  to  Ebenacete  among  the  Corolliflorals,  and  also 
to  Aurantiaceaa  and  Temstroemiaceae  among  the  Thalamiflorals ;  while 
Lindley  connects  it  with  Celastraceae  through  Sapotaceae :  others  point 
out  a  resemblance  to  Philadelphaceae. 

Distribution. — Scattered  sparingly  in  the  warm  regions  of  Asia  and 
America. 

Qualities  and  Dses. — Bitter  and  aromatic,  sometimes  containing  a  pun- 
gent  resin.  Gum  Benzoin  is  obtained  from  Styrax  Benzoin  in  the  Malay 
archipelago ;  Storax  from  St.  officinale  in  Syria ;  other  species  yield  similar 
resins,  fymplocos  furnishes  dyes  or  mordants ;  the  leaves  of  S.  tinctoria 
(Sweet-leaf,  or  Horse-sugar,  North  America)  are  sweet,  and  are  eaten  by 
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cattle.  Haleda  tetraptera,  another  North-American  plant,  is  called  the 
Snowdrop-tree,  on  account  of  its  numerous  white  bell-shaped  blossoms.) 

(OLACACEiE  are  an  Order  of  tropical  trees  and  shrubs,  apparently  nearly 
related  to  Santalaceae,  but  have  distinct  petals  and  a  free  ovary ;  they 
have  the  stamens  opposite  the  petals.  Icacinace^e,  separated  from  the 
preceding  by  Miers,  have  the  stamens  alternate  with  the  petals.  In  both 
the  aestivation  of  the  petals  is  valvate ;  while  CYRiLLACEiE,  a  group  of 
North-American  shrubs,  have  imbricated  petals.  HuMmiACEiE  are  tro- 
pical American  trees  or  shrubs  with  balsamic  juice,  and  monadelphous 
stamens  having  an  enlarged  fleshy  connective  ;  they  appear  to  be  related 
to  the  Olacacese,  while,  on  the  other  hand,  they  have  affinities  with  the 
Styracaceas  and  with  the  AurantiaceBe.  The  systematic  position  of  all 
these  groups  is  at  present  unsettled,  as  is  also  that  of  Canellace^e,  a 
little  group  of  plants  connected  with  Clusiacese  by  some  authors,  by  others 
with  Olacacese  and  their  allies.) 


Order  XCVII.  LOGANIACE^E. 


Class.  Contorta?,  Midi.    All.  Gentianales,  Lindl.    Coh.  Gentianales, 

Benth.  et  Souk. 


455.  Diagnosis. — Shrubs  or  herbs  with  opposite  leaves  and  interposed 
stipules  sometimes  reduced  to  an  elevated  line  or  a  ridge ;  calyx  4-5- 
cleft ;  corolla  hypogynous,  monopetalous,  regular,  4-,  5-,  or  10-cleft,  val- 
vate or  cefitorted  or  imbricated  in  {estivation  :  stamens  inserted  on  the 
corolla;  ovary  superior,  usually  2-celled;  style  divided  above  into  as 
many  lobes  as  the  cells  of  the  ovary ;  ovules  numerous  or  solitary  ;  fruit 
capsular,  2-celled,  with  the  placentas  fiually  detached,  drupaceous,  with 
1-  or  2-seeded  stones,  or  baccate  with  the  seeds  immersed  in  pulp ;  seeds 
with  a  straight  embryo  in  fleshy  or  cartilaginous  albumen,  sometimes 
winged,  mostly  peltate. 


listeria,  Willd. 
Spigelia,  L. 


Illustrative  Genera. 

Logania,  R.  Br. 
Fagrsea,  Thumb. 


Strychnos,  L. 


Affinities.— This  Order  was  formerly  associated  with  Apocynaceae  and 
the  neighbouring  Orders ;  but,  as  remarked  by  Bentham,  it  consists,  on  the 
whole,  of  Rubiacero  with  a  free  ovary,  at  the  same  time  approaching,  by 
certain  of  its  diverse  forms,  some  of  the  genera  of  several  of  the  Corollinoral 
Orders  even  more  nearly  than  the  general  mass  approach  Rubiaceffl.  lo 
Apocynaceavvhich  are  very  near  in  general  structure,  some  genera,  such  as 
Gcuiostoma,  which  has  contorted  aestivation  of  the  corolla,  and  Mttrasacme, 
where  the  carpels  are  partially  distinct  below  and  united  above,  approach 
very  closely ;  Mitvamcme  and  Mitreola  were  formerly  arranged  as  doubtful 
Gentianacere,  and  Fagrcea  and  Potalia  approach  staU  more  nearly  t  he 
former  greatly  resembling  IManthm  m  character,  while  Buddleta  md  its 
allies  have  been  referred  to  Scrophulanacea>  until  lately,  hut  are  brought 
into  this  Order  by  Bentham,  since  they  cannot  be  separated  from  Logama. 
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The  main  difference  from  Apocynaceae  lies  in  the  stipules ;  but  these  are 
sometimes  reduced  to  a  mere  line  connecting  the  leaves:  the  peculiar 
stigma  of  that  Order  affords  another  means  of  separating  them ;  and  the 
Apocynaceae  often  have  hvpogvnous  glands,  which  the  Loganiaceae  have 
not.  "From  Gentianaceae  the  distinction  lies  generally  in  the  stipules  and 
the  axile  placentation ;  occasionally  the  succulent  condition  of  the  fruit 
is  required  as  a  decisive  mark.  From  the  Scrophulariaceae  the  stipules, 
the  regular  corolla,  the  agreement  of  the  number  of  stamens  and  lobes  of 
the  corolla,  and  quincuncial  aestivation  divide  Loganiaceae  in  most  cases ; 
aDd  although  that  aestivation  and  the  regular  corolla  occur  sometimes  in 
the  former  Order,  there  are  then  usually  alternate  leaves  and  no  stipules. 
As  observed  by  Bentham,  this  is  hardly  so  much  a  Natural  Order  as  a 
receptacle  for  anomalous  forms  of  several  really  natural  groups,  Rubiacese, 
Apocynacese,  Gentianaceae,  &c. 

Distribution. — A  rather  large  group,  the  species  of  whicb  are  chiefly 
tropical,  but  some  are  found  in  North  America  and  Australia. 

Qualities  and  Uses. — The  plants  belonging  to  this  Order  have  mostly 
powerful  poisonous  properties,  in  particular  the  genus  Strychnos.  S. 
Nux-vnmica  bears  the  seeds  known  by  its  name,  so  noted  for  the  presence 
of  Strychnia.  S.  toxifera  is  said  to  furnish  the  active  ingredient  of  the 
celebrated  Woorali  poison  of  G  uiana.  S.  cogens  is  likewise  used  to  poison 
arrows  in  Central  America.  S.  Tieute  (the  bark  of  the  root)  yields  the 
Java  poison  called  Upas  Tieute".  Many  seem  to  be  free  from  strychnia  as 
regards  the  bark ;  for  that  of  S.  Pseudoquina  is  used  as  a  substitute  for 
Cinchona  in  Brazil,  that  of  S.  Nux-  vomica  also,  and  the  wood  of  S.  ligustrina, 
called  Lignum  colubrinum.  S.  potatorum,  an  East-Indian  species,  is  called 
the  Clearing-nut ;  and  it  is  said  that,  when  its  seeds  are  rubbed  round  in  a 
vessel  containing  muddy  water,  it  causes  the  impurities  to  settle.  The 
seeds  from  the  Philippines,  known  as  St.  Ignatius's  Beans,  have  been 
described  as  the  seeds  of  a  plant  called  Ignatia  amara ;  but  Bentham  has 
shown  that  this  genus  has  no  real  existence,  and  that  the  seeds  are  pro- 
bably those  of  an  unknown  Strychnos,  perhaps  multijiora,  whicb  grows  on 
those  islands.  He  states  also  that  much  uncertainty  exists  as  to  the 
identity  of  the  many  species  described  by  authors,  such  as  S.  cogens,  ligus- 
trina, &c.  The  species  of  Spigelia  are  acro-narcotic ;  S.  marilandica,  the 
Carolina  Pink-root,  and  <S.  anthelmia  are  used  as  vermifuges,  but  are 
somewhat  dangerous,  sometimes  producing  spasms  and  even  convulsions. 
Potalia  amara  is  bitter,  acrid,  and  emetic. 


Order  XCVIII.  GENTIANACEAE.    The  Gentian  Order. 

Class.  Contortae,  Endl.    All.  Gentianales,  Lindl.    Coh.  Gentianales, 

Benth.  et  Hook. 

456.  Diagnosis. — Smooth,  herbs,  with  a  colourless  hitter  juice, 
opposite  and  sessile  leaves,  mostly  simple,  entire,  and  strongly 
ribbed,  without  stipules ;  flowers  regular,  with  a  persistent  calyx, 
with  stamens  as  many  as  the  lobes  of  the  usually  withering-persistent 
corolla,  and  which  are  convolute  (rarely  imbricated,  and  sometimes 
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valvate)  in  the  bud  ;  ovary  1-celled,  -with  two  parietal  placentas,  pro- 
jecting more  or  less  toward  the  centre  ;  the  fruit  mostly  a  2-valved, 
septicidal,  many-seeded  capsule,  sometimes  with  a  fleshy  pericarp  ; 
seeds  small ;  embryo  minute  in  the  axis  of  fleshy  albumen. 


Gentiana,  L. 
Agathotes,  Don. 


Illttsthative  Genera. 

Erythrsea,  Ren. 
Chlora,  L. 


Menyanthes,  L. 
Villarsia,  Vent. 


Affinities. — This  Order  stands  very  near  Apocynaceas,  from  which  it 
differs  in  its  placentation  and  completely  coherent  carpels,  habit,  want  of 
milky  juice,  and  other  points.  The  parietal  placentas  distinguish  it  from 
the  Scrophulariaceas  and  allied  Orders  which  sometimes  show  an  approach 
to  the  regular  structure  of  Gentianaceae.  Gesneracese  differ  in  their  irregular 
flowers,  axile  embryo,  and  other  characters.  An  affinity  exists  to  Oroban- 
chacese,  especially  through  Obolaria,  a  N. -American  plant  formerly  re- 
ferred to  that  Order,  Voyra,  a  parasitic  leafless  genus,  and  some  allied 
forms  lately  discovered  in  South  America,  while  Crawfurdia,  a  twining 
genus,  seems  to  connect  the  Gentianacese  with  Convolvulaceaa. 

Distribution. — A  large  Order,  generally  diffused — the  large  genus  Gen- 
tiana especially  inhabiting  the  mountains  of  temperate  and  hot  climates, 
but  not  in  polar  regions.- 

Qualities  and  Uses. — Bitter,  tonic  properties  are  general ;  a  few  are 
emetic  or  narcotic,  especially  when  fresh.  Among  the  bitter  kinds  medi- 
cinally employed  are  the  Gentians,  G.  Ivtea  (officinal),  punctata,  purpurea, 
pannonica,  all'European,  G.  Catesbcei  (U.S),  G.Kurroo  (Himalaya),  Frasera 
Walteri  (TJ.S),  Agathotes  Cliirayita,  a  native  of  the  Himalayas.  Erytkrcea 
Centaurium,  Menyanthes  trifoliata,  Chlora  per foliata,  Gentiana  campestris 
and  Amarella,  all  British  herbs,  have  been  used  in  the  same  way.  The 
plants  of  this  Order  mostly  have  beautiful  flowers,  brilliant  blue  predomi- 
nating, but  red,  white,  and  purple,  and  more  rarely  yellow  occurring.  The 
Gentianella  of  our  gardens  is  G.  acaulis ;  and  tbe  smaller  Gentians  are  among 
the  most  beautiful  of  alpine  plants.  Villarsia  nymphceoides  is  an  elegant 
water-plant  occurring  in  Britain.  Limnanthernum,  an  exotic  genus,  is  also 
aquatic. 


Order  XCIX.  APOCYNACE.E.  Dog-banes. 

Class.  Contortse,  Endl.   All.  Gentianales,  Lindl.    Coh.  Gentianales, 

Benth.  et  Jlooh. 

457.  Diagnosis.— Plants  with  milky  acrid  juice,  entire  (mostly 
opposite)  leaves,  without  stipules ;  flowers  regular,  5-mcrous  and 
.r)-androus  ;  the  5  lobes  of  the  corolla  convolute  and  twisted  in  the 
bud ;  the  filaments  distinct,  inserted  on  the  corolla,  and  the  pollen 
gramdar;  ovary  2-  or  more  rarely  1-celled,  composed  of  2  carpels 
more  or  less  coherent  in  the  ovarian  and  st  vlar  region  and  quite 
blended  in  the  drum-shaped  or  dumbbell-shaped  stigma ;  ovides  nu- 
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merous  ;  fruit  1  or  2  follicles,  a  capsule,  drupe,  or  berry ;  seeds  mostly 
with  fleshy  or  cartilaginous  albumen. 


Illustrative  Genera. 

Tabernaemontana,  Plum. 
Vinca,  L. 
Wrightia,  R.  Br. 


Nerium,  L. 
Apocynum,  Tournef. 
Dipladenia,  DC. 


Allamanda,  L. 
Hancornia,  Gomez. 
Carissa,  L. 
Tanghiuia,  Tliouars. 

Affinities. — Belated  closely  to  some  Loganiacese  and  to  Gentianacese, 
as  noticed  under  those  Orders — also  to  Asclepiadaeese,  from  which,  they  are 
chiefly  distinguished  by  the  freedom  of  the  stamens  from  the  stigma  and 
by  the  coherent  pollen.  The  thickened  stigma,  however,  and  appendaged 
anthers  found  here  indicate  a  close  relationship.  Alyxia  has  ruminate 
albumen. 

Distribution. — A  large  group,  the  species  of  which  are  chiefly  tropical, 
a  few  scattered  in  temperate  climates.    Vinca  occurs  in  Britain. 

Qualities  and  Uses. — Often  violent  poisons,  acting  as  drastic  purgatives 
and  emetics,  sometimes  with  a  narcotic  influence.  Not  a  few,  however, 
have  delicious  edible  fruits ;  and  the  bark  of  some  is  tonic  and  febrifuge. 
The  milky  juice  contains  Caoutchouc,  in  some  cases  sufficient  to  become 
commercially  valuable.  The  poisonous  principles  appear  to  occur  chiefly 
in  the  seeds  and  in  the  milky  juice.  The  seeds  of  Tanghinia  venenifera, 
the  Madagascar  Poison-nut,  are  very  deadly,  as  are  also  the  seeds  of  Cerbera, 
Thevetia,  Carrier  aria  latifolia  (the  Bastard  Manchineel) ,  the  stem,  root,  leaves, 
and  flowers  of  Nerium  (the  Oleander),  Echites,  Plumiera,  &c.  Where  some- 
what milder,  as  in  Apocynum  and  Allamanda,  the  plants  are  occasionally 
available  medicinally,  but  only  in  small  doses.  Wrightia  antidysenterica, 
some  species  of  Carissa,  Hancornia  pubescens,  and  others  are  simply  bitter 
and  febrifuge,  like  Gentians.  The  succulent  fruits  of  Hancornia  speciosa 
(Brazil),  Carissa  Carandas  and  edidis  (East  Indies),  Roupellia  grata  (Sierra 
Leone),  are  not  only  harmless,  but  very  delicious.  Caoutchouc  is  obtained 
from  Urceola  elastica,  Willughbeia  edulis  (East  Indies),  Vahea  gummifera 
(Madagascar),  Collophora  utilis  and  Cameraria  latifolia  (South  America). 
The  milky  juice  of  Taberncemontana  utilis,  the  Cow-free  of  Demerara,  is 
innocuous  and  nutritious.  Wrightia  tinctoria  furnishes  a  kind  of  indigo ; 
and  the  wood  of  species  of  Wrightia  (East  Indies),  Aspidosperma  (Guiana), 
&c.  is  valuable  as  timber.  This  Order  furnishes  some  of  our  most  beau- 
tiful stove-plants — Echites,  Allamanda,  Dipladenia,  Nerium,  Plumiera,  &c. 
forming  striking  ornaments  in  every  extensive  horticultural  collection. 


Order  C.  ASCLEPIADACESE. 

Class.  Contortae,  Endl.  All.  Solanales,  Lindl.   Coh.  Gentianales, 
Benth.  et  Hook. 

458.  Diagnosis. — Shrubs  or  herbs,  often  twiuing,  with  milky 
juice,  opposite  or  whorled  (rarely  scattered)  entire  leaves  without 
stipules ;  flower  regular,  5-merous,  5-androus,  the  lobes  of  the  corolla 
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mostly  valvato  ;  carpels  2,  distinct,  but  adherent  below  •  stigmas  co- 
herent into  a  5-angled  fleshy  head,  to  which  the  anthers'are  adherent 
(fig.  393) ;  pollen  coherent  into  wax-like  or  granular  masses  •  ovaries 
with  numerous  ovules  on  the  sutures  ;  fruit  a  pair  of  follicles  or  by 
abortion  1 ;  seeds  mostly  with  a  crown  of  hairs  at  the  hilum  with 
thin  albumen. 


Hemidesmus,  B.  Br. 
Periploca,  L. 
Vincetoxicum,  Mcench. 


Illustrative  Geneiia. 

Calotropis,  B.  Br. 
Cynanchum,  L. 
Asclepias,  L. 

Fig.  393. 


Hoya,  B.  Br. 
Stapelia,  L. 


Fig.  393.  a.  Flower  of  Asclepias  purpurascens;  i,  a  vertical  section,  with  the  petals 
removed ;  c,  side  view  of  a  stamen ;  d,  in  side  view  of  an  anther  (y,  pollen-sac) ; 
e,  two  pollen-masses;  J",  cross  section  of  the  ovary. 

Affinities; — The  curious  organization  of  the  stigma  and  pollen  is  the 
great  distinguishing  feature  of  this  Order,  which  in  other  respects  is 
closely  allied  to  Apocynacere.  When  the  pollen  is  mature,  it  escapes  in 
"  pollen-masses  "  from  the  anthers  (fig.  393,  e),  and  adheres  to  gelatinous 
processes  developed  on  the  sides  of  tbe  stigma,  which  retain  it,  so  that  it  can 
push  its  pollen-tubes  into  the  lateral  and  inferior  stigmatic  surfaces ;  after 
fertilization,  the  stigma  with  the  adherent  anthers  and  filaments  separate 
from  the  style  and  ieave  a  pair  of  distinct  carpels,  which  ripen  (one  or 
both)  into  free  follicles. 

Distribution. — A  large  Order,  mostly  tropical,  in  Asia,  Africa,  and 
America;  one  or  two  species  occur  in  Europe,  and  a  few  in  North 
America. 

Qualities  and  Uses. — Generally  resembling  the  Apocynacea? ;  but  the 
active  properties  are  not  so  much  developed,  and  the  succulent  fruits  do 
not  appear  here.  Species  of  Asclepias,  Cynanchum,  Calotropis  ( Mudnr),  and 
Periploca  are  more  or  less  emetic  or  purgative  ;  the  leaves  of  Solenostemma 
Aryhel  and  Qmnphocarpns  fruticosus  are  frequent  adulterations  in  Alex- 
andrian Senna,  and  are  said  to  cause  griping.  The  roots  ot  Hemidesmtu 
indicus  aro  used  as  a  substitute  for  Sarsaparilla.     The  milky  juice  of 
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Qyncmchum  ovalifohum  yields  Caoutchouc  at  Penang.  Marsdenia  tena- 
cissima  and  Orthanthera  viminea,  East-Indian  plants,  afford  a. very  tenacious 
fibre  ;  Marsdenia  tincturia  a  kind  of  Indigo.  The  Stapehce  and  Cerope- 
gice  are  remarkable  for  their  succulent  habit ;  some  of  them  form  curious 
tubers,  as  Brachystelma.  Hoya  partakes  of  the  succulent  habit,  but  has 
wax-like  leaves  and  blossoms,  sometimes  very  handsome.  Discludia  is 
remarkable  for  its  pitcher-leaves  (§101).  Gymnema  laclifera  is  the  Cow- 
plant  of  Ceylon,  which  yields  a  milky  juice,  harmless  aud  nutritious,  and 
which  is  used  by  the  natives  as  food. 

(Hydrophyllace^;  form  a  small  Order,  allied  in  some  respects  to 
Boraginaceas,  but  differing  in  their  one-celled  many-seeded  ovary  with 
parietal  placentation,  which  also  separates  them  from  Polemoniaceae,  with 
which  they  have  many  points  of  agreement.  They  are  chiefly  natives  of 
the  nortli  and  extreme  south  of  America.  Their  properties  are  unimportant; 
but  species  of  some  of  the  genera,  as  Nemophila,  Eutoca,  Sec,  are  interesting 
and  showy  garden  plants,  grown  with  us  as  tender  annuals.  Ilydroleads 
are  sometimes  separated  from  this  Order  by  reason  of  their  distinct  styles 
and  anatropous  ovules.) 

(Diape NSiACEiE  consist  of  two  genera,  Diapensia  and  Pyxidanthera, 
each  having  one  species.  They  are  connected  with  Convolvulacese  by 
some  authors,  but  appear  to  stand  between  Hydrophyllacese  and  Pole- 
moniaceaa,  having  a  3-celled  ovary  like  the  latter,  and  a  filiform  embryo 
with  very  short  cotyledons,  approaching  that  of  the  former.  They  are 
very  closely  allied  to  Ericaceae,  but  the  anthers  do  not  open  by  pores.) 


Order  CI.  POLEMONIACE^l.    The  Phlox  Order. 


Class.  Tubifloree,  Midi.    All.  Solanales,  Lindl.    Coh.  Convolvulales  ?, 

Benth.  et  Hook. 

459.  Diaynosis. — Herbs  with  alternate  or  opposite  leaves,  regular  5- 
merous  and  5-androus  flowers,  the  lobes  of  the  corolla  mostly  convolute 
(sometimes  imbricated)  in  aestivation  ;  ovary  3-celled,  style  3-lobed ;  the 
capsule  3-celled,  3-valved,  loculicidal,  few-  or  many-seeded ;  valves  usually 
breaking  away  from  a  triangular  central  columella ;  seeds  albuminous ; 
embryo  straight ;  cotyledons  elliptical,  foliaceous. 


Affinities,  &c— One  of  the  smaller  Orders ;  it  is  remarkable  for  its 
3-celled  ovary.  It  is  nearly  related  to  Convolvulacece,  Cohcea  agreeing 
even  in  the  climbing  habit ;  the  ovary  equallv  distinguishes  it  from  these 
t  he  I  [ydrophyllacete,  and  the  Gentianaceas,  to  all  of  which  it  has  close  affi- 
nity. 1<  rom  Uiapensiaceaa  it  differs  in  the  regular  calyx  and  insertion  of 
the  stamens,  as  well  as  in  the  embryo.  The  seeds  are  remarkable  in  many 
cases  lor  hairs  upon  the  testa  containing  a  spiral  fibre ;  in  Collomia  these 


Phlox,  L. 
Collomia,  Ntttt. 


Illustrative  Genera. 

Leptosiphon,  Benth. 
Polemonium,  Toumef. 


Cantua,  Jkss. 
Cobaea,  Cav. 
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expand  elastically  when  wetted ;  in  Cobcea  they  are  short,  broad,  and  firm. 
The  Polemoniacese  occur  most  abundantly  in  the  temperate  regions  of 
North  and  South  America.  Polemonium  ccerulcum,  Greek  Valerian  or 
Jacob's  Ladder,  grows  in  the  north  of  England,  and  is  common  in  gardens. 
The  other  genera  furnish  some  of  the  favourite  tender  perennial  and  annual 
herbaceous  plants  of  our  gardens.    They  have  no  important  properties. 


Order  CII.  CONVOLVULACE^E.    The  Bindweed 

Order. 

Class.  Tubifloraa,  Endl.    All.  Solanales,  Lindl.    Coh.  Convolvulales, 

JBenth.  et  Hook. 

460.  Diagnosis. — Chiefly  twining  or  trailing  herbs,  sometimes 
leafless  and  parasitic,  or  shrubby  and  erect,  often  with  some  milky 
juice  ;  with  alternate  leaves  (or  scales)  ;  flowers  regular,  o-androus  ; 
calyx  of  5  imbricated  sepals,  the  5-plaited  or  5-lobed  corolla  convolute 
or  twisted  in  the  bud ;  ovary  2-celled  (rarely  3-celled),  or  with  2 
separate  pistils,  with  2  erect  ovules  in  each  cell,  the  cell  sometimes 
doubled  by  a  false  partition  between  the  seeds,  thus  falsely  4-celled ; 
embryo  large,  curved  or  coiled  in  mucilaginous  albumen,  with  folia- 
ceous  cotyledons,  or  (  Cuscutece)  filiform  and  coiled  with  the  cotyledons 
scarcely  perceptible  ;  radicle  inferior. 

Illustrative  Genera. 


Convolvulus,  L. 
Exogonium,  Chois. 


Ipomoea,  L. 
Cuscuta,  Toumef. 


Affinities — This  Order  approaches  the  regular  monopetalous  Boragina- 
ceaj,  Polemoniacese,  and  allied  Orders ;  the  structure  of  the  ovary  separates 
it  from  the  first,  the  curved  embryo  and  the  fruits  from  the  second. 
Cordias  also  differ  in  their  exalbuminous  seeds  and  superior  radicle. 
Some  of  the  Convolvulacese  are  of  shrubby  habit,  and  depart  widely  from 
the  appearance  with  which  we  are  most  familiar.  Cuscuta  is  sometimes 
made  the  type  of  a  distinct  Order ;  but  the  parasitical  habit  is  not  asuffi- 

ClGTlt  cllfll,fl<ct61,» 

Distribution. — A  large  Order,  of  which  a  few  species  occur  in  temperate 
climates,  but  the  majoritv  belong  to  the  tropics. 

Qualities  and  Uses.— A"  purgative  property  generally  characterizes  these 
plants,  among  which  are  several  yielding  important  medicinal  substances. 
True  Jalap  is  the  root  of  Exogonium  Purga,  Scammony  of  Convolvulus  Scatn- 
monia;  Pharbitis  cathartica  and  Ipomoea  tuberosa  yield  a  similar  substance. 
The  white  hedge-Convolvulus,  Calystegia  sepium,  has  a  similar  action,  as 
also  various  Ipomoece,  and  ConvolmiH,  the  active  matter  being  a  kind  of  resin 
existing  in  the  milky  juice.  The  seeds  of  Pharbitis  Nil  and  P.  ctrrulea 
are  also  used  as  purgatives.  On  the  other  hand,  Batatas  eduks  lorms  a 
large  fleshy  tuber,  which  is  widely  cultivated  and  eaten  under  the  name  ot 
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the  Sweet  Potato,  and  Ipomcea  macrorhiza  has  edible  fannaceous  roots. 
The  twinino-  and  trailing  plants  of  this  Order  are  mostly  remarkable  tor 
the  beauty  of  their  Bowers,  and  many  of  them  are  cultivated;  the  garden 
Major  Convolvulus  is  Pharbitis purpurea,  the  blue  Minor  Convolvulus  is 
Convolvulus  tricolor.  Convolvulus  arvensis,  Bindweed,  grows  everywhere, 
on  the  ground,  rooting  at  the  nodes ;  C.  Soldanella  grows  m  like  manner  on 
the  sea-shore';  Calystegia  sepium,  the  White  Convolvulus,  is  one  ot  our 
most  beautiful  and  at  the  same  time  commonest  hedge-plants— 1  he 
Cuscutce  are  remarkable  for  their  leafless  parasitic  habit ;  they  germinate 
in  the  ground,  and  then  coil  themselves  round  the  stems  of  plants  and  send 
roots  in  through  their  rind,  by  which  they  are  then  entirely  nourished. 
They  have  wire-like  stems  with  minute  scales  at  the  nodes,  and  tufts  of 
small  Convolvulaceous  flowers.  They  are  great  pests  in  clover-  and  flax- 
fields,  destroying  the  plants  they  infest. 


Order  CIII.  SOLANACEvE.  Nightshades. 

Class.  Tubiflorar,  JEndl.    All.  Solanales,  Lindl.    Coh.  Convolvulales, 

Benth.  et  Hook. 

461.  Diagnosis. — Herbs,  rarely  shrubs,  with  colourless  juice  and 
alternate  leaves ;  flowers  regular,  or  slightly  irregular,  often  extra- 
axillary,  5-merous  aud  5-androus,  on  bractless  pedicels ;  corolla 
hypogynous,  plaited-imbricate,  plaited-convolute,  or  involutive-val- 
vate  in  aestivation;  stamens  epipetalous ;  ovary  2-celled,  cells 
antero -posterior ;  fruit  a  2-celled  (rarely  3-5-celled)  many-seeded 
capsule  or  a  succulent  berry.    Seed  albuminous ;  embryo  curved. 

Character. 

Calyx  free,  or  rarely  4-  or  6-cleft,  persistent,  or  the  upper  part  se- 
parating by  transverse  dehiscence,  mostly  growing  somewhat 
during  the  ripening  of  the  fruit  (accrescent). 

Corolla  monopetalous,  5-  or  rarely  4-  or  6-parted  or  toothed,  rotate, 
campanulate,  funnel-  or  salver-shaped,  sometimes  obliquely  irregu- 
lar, plaited-imbricate,  plaited-convolute,  or  involutive-valvate  in 
the  bud. 

Stamens  attached  to  the  tube  of  the  corolla,  equal  in  number  to  its 
lobes  and  alternate  with  them ;  filaments  sometimes  rather  un- 
equal ;  .anthers  2-celled,  with  the  cells  sometimes  connate  above, 
dehiscing  longitudinally  or  by  terminal  pores. 

Ovary  usually  2-celled,  the  carpels  antero-posterior ;  placentas  axile, 
sometimes  enlarged  into  spurious  dissepiments,  rendering  the  ovary 
4-celled  ;  ovary  rarely  3-5-celled  by  increased  number  of  carpels  ; 
ovules  numerous ;  style  simple ;  stigma  simple  or  lobed. 

Fruit  capsular,  with  scpticidal  or  transverse  dehiscence  (fig.  291)  or 
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a  succulent  or  dryish  iadchiscent  berry  (fig,  295) ;  seeds 


numerous, 


Fig.  394. 


Atropa  Belladonna. 

the  embryo  mostly  slender  and  curved,  sometimes  straight,  with 
foliaceous  cotyledons  in  fleshy  albumen. 

Fig.  395. 


Fig.  395.  a,  Corolla  of  Atropa  Belladonna,  showing  the  attachment  of  the  stamens; 
b,  cross  section  of  the  ovary. 
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♦Petunia,  Jiiss. 
*Nicotiana,  Tournef. 
*Datura,  L. 


Illustrative  Gentsra. 

♦Hyoacyamus,  Tournef. 
Physalis,  L. 
Capsicum,  Tournef. 


Solanum,  L. 
*Atropa,  L. 
*Mandragora,  Tournef. 


Affinities.— A  considerable  range  of  variation  in  the  condition  of  most 
of  the  organs  upon  which  a  character  is  founded  renders  it  difficult  to 
circumscribe  this  Order  strictly ;  in  fact  it  passes  by  almost  insensible 
gradations  into  the  Scrophulariacese.  Generally  speaking,  the  Solanacese 
are  distinguished  by  the  plaited  sestivation  of  the  corolla,  equality  of  the 
number  of  stamens  with  the  lobes  of  the  corolla,  and  a  curved  embryo 
from  the  Scrophulariaceoe,  which  have  imbricated  sestivation,  stamens 
fewer  than  the  lobes  of  the  corolla,  and  a  straight  embryo  ;  but  none  of 
these  characters  are  constant  in  the  former  Order  ;  yet  the  nearly  regular 
corolla  and  five  perfect  stamens  will  in  almost  all  cases  distinguish  the 
Solanacese.  Miers  has  lately  proposed,  in  extension  of  a  suggestion  of 
E.  Brown,  to  establish  a  new  Order,  Atropacese,  to  include  the  aberrant 
forms  of  Solanaceae  and  Scrophulariacese,  and  leave  these  better  defined — 
the  brief  diagnoses  of  these  Orders  being : — 

1.  Solanacese.    Stamens  equal  in  number  to  the  lobes  of  the  corolla  (or 

petals),  whose  aestivation  is  valvate  or  induplicate-valvate. 

2.  ATROPACEiE.    Stamens  equal  in  number  to  the  lobes  of  the  corolla  (or 

petals),  one  sometimes  sterile ;  sestivation  of  the  corolla  imbricated,  or 
some  modification  of  imbricated. 

3.  Scrophulariaceje.    Stamens  less  in  number  than  the  lobes  of  the 

corolla  (or  petals),  4  or  2 ;  sestivation  of  the  corolla  imbricated. 

The  removal  of  the  Buddleiece  to  Loganiacese,  as  proposed  by  Bentham, 
is  favourable  to  this  arrangement,  as  it  removes  the  4-androus  genera  with 
regular  4-lobed  corollas,  which  would  render  the  above  diagnosis  of  Scro- 
phulariacese faulty.  In  the  list  of  genera  given  above,  the  Solanaceous 
genera  of  Miers  are  left  open,  and  those  are  marked  with  an  asterisk  which 
are  referred  to  his  Atropacese,  together  with  a  number  which  will  be  found 
similarly  distinguished  under  Scrophulariacese. 

The  Solanaceae,  as  a  whole,  have,  however,  closer  relations  with 
some  of  the  regular  monopetalous  Orders,  particularly  with  Hydrophyl- 
lacese  and  Convolvulacese ;  they  are  connected  with  Boraginacese  by 
Grabowskia,  a  Brazilian  genus,  formerly  regarded  as  a  Lycium,  which 
has  the  habit  of  the  latter  with  the  ovary  of  Boraginacese  :  it  is  nearly 
related  to  Nolana.  According  to  Lindley,  Oestrum  connects  the  Sola- 
nacese with  the  Oleacese,  through  Syringa ;  but  although  it  has  a  straight 
embryo  with  foliaceous  cotyledons,  the  radicle  is  inferior,  not  superior, 
and  the  resemblance  appears  to  exist  chiefly  in  habit.  Polemoniaceaa 
differ  in  their  3-celled  ovary  and  straight  embryo. 

Distribution. — A  very  large  Order,  the  members  of  which  are  generally 
distributed,  but  most  abundantly  in  the  tropics. 

Qualities  and  Uses. — The  genera  referable  to  Atropacese,  as  indicated 
above,  are  mostly  characterized  by  powerful  narcotic  poisonous  properties. 
The  Solanacese  are  apparently  less  powerful  in  all  cases,  and  certain  kinds 
famish  wholesome  and  some  most  important  articles  of  food ;  but  many 
ot  them  possess  decided  narcotic  properties.    Some  are  distinguished  by 
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an  acrid  or  pungent  quality ;  some  have  diuretic  action ;  and  others  are  ac- 
counted tonics.  Among  the  poisonous  lands  the  most  important  are :— the 
Atropa  Belladonna  (Deadly  Nightshade,  which  has  the  curious  property 
of  relaxing  the  iris,  and  thus  causing  dilatation  of  the  pupil) ;  Datura 
Stramonium  (the  Thorn-apple),  and  other  species  of  Datura,  such  as 
D.  Motel,  Tatula,  ferox,  &c. ;  Hyoscyamus  niger  (Henhane)  and  other 
species ;  Nicotiana  Tabacum,  persica,  and  rustica  (the  American,  Persian, 
and  Syrian  Tobacco-plants);  Mandr agora  officinalis  (the  Mandrake). 
Acocanthera  venenata,  a  Cape  shruh,  is  said  to  be  more  deadly  even  than 
any  of  them.  The  foliage  of  some  species  of  Solanum  is  said  to  have 
active  properties  of  the  same  kind,  especially  S.  nigrum  (Black  Night- 
shade), S.  Dulcamara  (Bitter-sweet  or  Woody  Nightshade),  and  even 
the  leaves  and  stems  of  S.  tuberosum  (the  common  Potato)  and  Physalis 
somnifera.  Solanum  Psewlo-guina  is  employed  in  Brazil  as  a  substitute 
for  Cinchona.  Some  species  of  Oestrum,  as  laurifoKa  and  Pseudo-quina,  are 
said  to  have  similar  properties.  Other  Cestra,  as  C.  eu,antlies,  Icevigatum,  &c, 
many  species  of  Physalis,  Solanum,  &c,  are  accounted  diuretic. 

The  species  of  Capsicum  are  remarkable  for  the  pungent  quality  of 
the  fruits,  the  common  Capsicum  being  the  produce  of  C.  annuum,  and 
Cayenne  pepper  consisting  of  the  powdered  seeds  of  various  species,  such 
as  C.  frutescens. 

While  some  of  the  plants  are  such  active  poisons  in  all  parts,  others 
are  only  partially  or  not  at  all  so.  The  berries  as  well  as  the  foliage  of 
Atropa,  for  example,  and  the  seeds  and  capsules  as  well  as  the  foliage  of 
Hyoscyamus,  are  very  deadly ;  but  the  succident  fruits  of  many  species  of 
Solanum  are  wholesome,  as  the  Egg-Apple  or  Aubergine  (8.  Melongena), 
those  of  S.  laciniaticm,  eaten  in  Australia  under  the  name  of  Kangaroo 
Apples,  &c,  and,  it  is  said  (but  this  wants  confirmation)  those  of  the 
S.  nigrum,  Dulcamara,  and  others.  Lycopersicmn  escidentum,  the  Tomato, 
is  another  example.  Still  more  striking  appears  the  instance  of  the  Po- 
tato, at  first  sight ;  but  it  must  be  remembered  that  the  edible  tuber  is  an 
artificial  product,  and  consists  chiefly  of  cellular  tissue  and  starch  deve- 
loped under  circumstances  that  oppose  the  formation  of  the  noxious  secre- 
tion ;  and  what  is  present  may  be  dissipated  by  heat.  It  is  said  that  the 
poisonous  element  in  Solanaceous  fruits  exists  in  a  pulpy  covering  of  the 
seeds,  not  in  the  pericarp.  It  is  desirable  that  this  point  should  be 
ascertained. 

(Cordiaceje  constitute  an  Order,  chiefly  consisting  of  tropical  plants, 
sometimes  combined  with  the  Boraginacese,  from  which  they  differ  in  the 
twisted  estivation  of  the  corolla  and  the  plaited  cotyledons.  Prom  Con- 
volvulacere  they  differ  in  their  superior  radicle  and  the  absence  of  albumen. 
The  Order  is  remarkable  for  the  plaited  cotyledons  of  the  embryo.  The 
fruits  of  Cordia  My.ra  and  latifolia  are  called  Sebestens  or  Sebesten  plums, 
and,  with  those  of  other  species,  are  edible.) 

(NoLANACEiE  are  a  small  group  of  South-American  plants  referred  by 
some  authors  to  Convolvulaceaa,  by  others  to  Boraginacere,  sometimes 
erected  into  a  distinct  Order  on  account  of  the  valvate  calvx,  plaited  re- 
gular corolla,  the  ovary  of  5-20  carpels,  either  distinct,  or  when  numerous 
combined  into  several  sets,  seated  on  a  fleshy  disk,  with  a  single  style  and 
atigma ;  the  embryo  curved,  in  little  albumen.    The  chief  distinction  from 
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BoraginacesB  lies  in  the  5-merous  ovary  and  the  absence  of  the  scroll-like 
inflorescence;  they  may  be  regarded  as  aberrant  forms  of  that  Order. 
Some  species  of  Nolana  are  cultivated  in  gardens  for  their  showy  flowers, 
somewhat  resembUng  blue  Convolvidi.  Their  properties  are  unknown. 
Genera :  Nolana,  L. ;  Alona,  Lindl.) 


Order  CIV.  BOBAGINACE^].    The-Bugloss  Order. 

Class.  NuculifersB,  JEndl    All.  Echiales,  Lindl.    Coh.  Verbenales, 
Be  nth.  et  Hook. 

462.  Diagnosis.— bbiefly  roughly  hairy  herbstfnot  aromatic),  with 
alternate  entire  leaves,  a  scorpioid  iiflorcicerice,  ,and  symmetrical 
flowers  with  a  5-parted  calyx,  an  hypogynous,  regular  (rarely 
shghtly  irregular)  5-lobed  corolla,  5  stamens  springing  from  the 
corolla-tube;  ovary  deeply  4-lobed,  the  lobes  surrounding  the  base  of 
the  single  gynobasic  style,  and  forming  when  ripe  4  indehiscent 
1-seeded  achenes  in  the  bottom  of  the  persistent  calyx  ;  stigma  simple 
or  bifid ;  seeds  separable  from  the  pericarp,  exalbuminous ;  radicle 
superior. 

Illustrative  Genera. 


Echium,  L. 


Borago,  Tournef.  Anchusa,  L. 


Symphytum,  L. 


Lithospermum,  L. 
Myosotis,  L. 


Affinities. — The  4-lobed  ovary  and  fruit  of  this  Order  agree  exactly 
with  those  of  the  Labiatse,  in  which  the  irregular  corolla,  didynamous 
stamens,  opposite  leaves,  and  square  stems  differ  widely.  This  character 
of  the  ovary  does  not  occur  in  any  other  regular  5-androus  monopetalous 
Order.  The  Nolanaceoe  and  Ehretiacese  depart  from  the  general  type  of 
this  Order.  Ehretiaceffl  seem  to  bear  the  same  relation  to  the  proper 
Boraginaceas  as  the  Verbenacece  to  Labiatce,  having  confluent  carpels, 
terminal  styles,  and  a  shrubby  or  arborescent  habit.  The  corolla  mostly 
presents  a- coronet  of  scales  in  the  throat,  which  some  incline  to  regard  as 
abortive  stamens. 

Distribution. — A  large  Order,  the  species  of  which  are  mostly  natives 
of  temperate  dimates  in  the  northern  hemisphere. 

Qualities  and  Uses. — The  plants  of  this  Order,  remarkable  for  their 
rough  foliage,  have  a  reputation  as  mucilaginous  and  cooling  herbs.  Their 
chief  importance  lies  in  the  dye  furnished  by  the  roots  of  Anchusa  tinc- 
toria  (Alkanet)  and  various  species  of  Echium,  Onosma,  &c,  and  the  beauty 
of  their  flowers,  whence  the  genera  above  cited  include  many  common 
garden  plants.  The  Forget-me-not  is  a  native  species  of  the  genus  Myos- 
otis.   Many  Boraginacece  occur  wild  with  us. 

(Ehretiaceje  consist  of  a  group  of  plants  separated  from  Boraginacece 
by  some  authors  on  account  of  the  coherence  of  the  carpels  and  the  ter- 
minal 8tyle> (which  is  gynobasic  (§  228)  in  true  Boraginacere)  and  a  dru- 
paceous fruit.   Some  genera  have  albumen,  others  not.   They  seem  to  be 
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as  distinct  here  as  Verbenaceae  from  the  Labintre  ;  hut  the  agreement  is 
very  close  at  some  points  in  both  cases.  They  are  also  nearly  rel  ited  to 
the  Cordiacefe;  but  the  latter  have  twisted  festivation  and  plaited  coty- 
ledons. Most  of  them  are  tropical  trees  or  shrubs.  None  are  of  much 
importance  :  the  drupes  of  some  Ehretia  are  eaten ;  the  Heliotrope  (Ile- 
liotropium  peruyianum)  is  universally  known  for  its  delicious  odour. 
Genera :  Ehretia,  L. ;  Toumefortia,  R.  Br. ;  ILeliotr opium,  L.,  &c.) 


Order  CV.  LABIATiE. 


Class.  Nuculiferre,  E/idl. 


All.  Echiales,  Lincll. 
Benth.  et  Hook. 


Coli.  Verbenales, 

463.  Diagnosis. — Chiefly  herbs,  with  square 'fitems  and  opposite  - 
aromatic  leaves ;  flowers  with  a  more  or  less  2-lipped,  hypogynous 
corolla,  didynamous  or  diandrous  stamens ;  ovary  deeply  4-lobed, 
the  lobes  surrounding  the  base  of  the  single  gynobasic  style,  and- 
forming,  when  ripe,  4  indehiscent  1 -seeded  achenes  in  the  bottom 
of  the  persistent  calyx ;  stigma  bifid ;  seeds  erect,  with  little  or  no 
albumen. 

'      Character.  \v\\mA.<*A  tiv^"*1-^*-"-"^! 

Calyx  inferior,  persistent,  tubular,  5-merous,  with  the  odd  sepal 

posterior ;  the  limb  regularly  5-  or  10-toothed,  or  irregular  and 

bilabiate  (fig.  396),  3-  to  10-toothed.  _ 
Corolla  hypogynous,  monopetalous,  bilabiate  ;  the  upper  lip  entire  or 

divided,  arched  or  almost  suppressed;  the  lower  lip  usually  larger 

and  3-lobed  (fig.  397). 

yftjt  Fi<j.  398. 

C 


Fig.  396. 


Fip.  896.  Calyx  of  Salvia. 

Si!  393.-  of  offftma  opened,  showing  the  didynamous  stamens. 

Stamens  springing  from  the  corolla,  4,  didynamous  (fig.  398),  or  some- 
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times  2 ;  anther  2-celled  or  apparently  1-celled  from  the  appo- 
sition of  the  cells  at  the  apex,  or  with  the  filament  or  connective 
bifurcate  and  bearing  either  2  single  cells  or  1  perfect  cell  and  a 
sterile  process,     ^^ct^i^-i-  vl/x- JCjf3  7 

Ovani  deeply  4-looecf,  on  a  fleshy  dish,  4-celled,  each  cell  withl  erect  )<L<p/^y 
ovule  ;  sty\ simple,  arising  from  the  bottom  of  the  carpels ;  stigma  . 
forked.  cj  <yv»*  ■ 

Fruit  composed  of  4,  or,  by  abortion,^,  2,  or  1,  dry,  separable,  1- 
seeded  portions,  surrounded  by  the  persistent  calyx ;  seeds  with 
little  albumen ;  cotyledons  flat. 


Lavandula,  L. 
Mentha,  L. 
^-Salvia,  L. 
Rosmarinus,  L. 
Origanum,  L. 


Illusteative  Geneea. 

Thymus,  L. 
Hyssop  us,  L. 
Prunella,  L. 
w/Lamium,  L. 
Stachys,  Benth. 


Marrubium,  L. 
Ballota,  L. 
Phlomis,  L. 
Teucrium,  L. 
Ajuga,  L. 


Affinities. — As  regards  the  structure  of  its  ovary,  this  Order  agrees 
exactly  with  Fjoragjnacese,  from  which,  however,  almost  all  its  other 
characters  distinguish  it.  Among  the  didynamous  nnsymmetrical  mono- 
petfilous  Orders,  no  other  group  approaches  this  structure  but  Verbenacea?, 
which  are  distinguished  by  the  greater  degree  of  coherence  of  the  carpels 
and  the  terminal  style,  as  the  Ehretiacese  are  from  Boraginaceae ;  but 
the  separation  of  these  Orders  is  sometimes  difficult.  Disregarding  the 
ovary,  the  character  of  the  corolla  and  stamens  connects  Labiatse  with 
Scrophulariacese  and  its  allies,  especially  when  they  have  opposite  leaves 
and  square  stems. 

The  morpholopy  of  the  corolla  and  stamens  is  very  interesting  in  this 
Order,  as  it  is  in  the  Scrophulariacese  ;  the  didynamous  structure  arises 
from  the  want  of  the  posterior  stamen,  and  in  the  diandrous  genera  it  is 
the  anterior  pair  that  remains.  The  foliage  of  the  majority  of  plants  in 
this  Order  is  studded  with  microscopic  glandular  hairs,  containing  the 
essential  oils  to  which  they  owe  their  remarkable  fragrance.  Various 
species  of  Salvia  have  hairs  upon  the  testa  of  the  seed,  containing  a  spiral 
fibre,  somewhat  as  in  Polemoniacefe. 

Distribution. — A  very  large  Order,  the  species  of  which  are  principally 
natives  of  temperate  climates  ;  but  the  more  fragrant  kinds  occur  most 
abundantly  in  the  warm  temperate  and  drier  regions. 

Qualities  and  Uses. — The  most  striking  qualities  of  this  Order  depend 
upon  the  presence  of  aromatic  or  fragrant  essential  oils,  which  render 
some  of  them  valuable  stimulants  and  antispasmodics,  others  favourite 
flavouring  herbs  for  culinary  purposes,  others  important  ingredients  in 
perfumes,  &c.  Some  are  also  regarded  as  tonics.  The  fleshy  subter- 
raneous rhizomes  of  Stachys  palustris  are  sometimes  cultivated  as  a  table 
vegetable ;  and  the  tubers  of  an  Ocimum  are  said  to  be  eaten  in  Mada- 
gascar. 

Of  the  carminative  aromatics,  the  Mints,  Spearmint  (Mentha  viridis) 
Be££ermujt  (M.  Piperita),  Penny-royaTfaf.  Pulegium)  are  amono-  the 
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best-known.  Other  species  of  Mentha  have  similar  properties ;  Hedeoma 
pulcgioides,  the  Penny-royal  of  the  United  States ;  Lavender,  Lavendula 
vera ;  together  with  the  inferior  French  Lavender,  L.  Spica,  the  oil  of 
which,  however,  is  chiefly  used  in  the  arts  (oil  of  Spike),  and  others : 
many  allied  species  are  used  in  different  countries  in  the  same  way.  The 
essential  oils  of  some  kinds  commonly  used  as  flavouring  herbs  are  also 
used  in  veterinary  medicine.  Among  the  best-known  of  these,  besides 
|  Mint,  are  Thyme  (Thymus  SerpyUum  and  other  species),  Marjoram  (Ori- 
ganum, various  species),  Basil  (Ocimum,  sp.),  Savory  (Satureia,  sp.), 
'  Sage  (Salvia  officinalis  and  grandipZora),  &c.  As  perfumes,  Lavender, 
Patchouli  (Pogostemon  Patchouli),  Mentha  citrata,  Pogsmary  (Rosmarinus 
officinalis),  and  others  are  largely  used.  Horehound  (Marrubium  vulgar e) 
is  an  old-fashioned  remedy  for.  coughs ;  Ground-Ivy  (Nepeta  Glechoma), 
Balm  (Melissa  officinalis) ,  and  others  are  used  by  the  country-people  for 
the  same  complaints.  Monarda  Jistulosa  (a  North-American  shrub)  and 
Origanum  Dictamnus  (or  Dittany  of  Crete)  are  reputed  febrifuges.  Stachys 
Betonica  has  been  regarded  as  a  sternutatory,  but  perhaps  acts  mechani- 
cally :  its  root  is  said  to  be  purgative  and  emetic ;  but  this  seems  unlikely 
to  be  true. 

Many  plants  of  this  Order  decorate  our  gardens,  and  many  species  are 
wild  in  Britain. 


Order  CVI.  VERBENACE^E.    The  Vervain  Order. 

Class.  Nuculiferae,  Endl.    All.  Echiales,  Lindl.    Coh.  Verbenales, 
Benth.  et  Hook. 

464.  Diagnosis. — Herbs  or  shrubs  with  opposite  or  alternate  leaves ; 
flowers  with  an  hypogynous  more  or  less  2-lipped  or  irregular  corolla  and 
didynamous  stamens;  style  terminal;  the  2-4-celled  fruit  dry  or  drupa- 
ceous, usually  splitting  when  ripe  into  as  many  1-seeded,  indehiscent 
nucules ;  seeds  erect  or  pendulous,  with  little  or  no  albumen. 

Illustrative  Genera. 


Suborder  1.  Verbeneje.  Ovules  as- 
cending; seed  exalbuminous ;  leaves 
opposite. 

Verbena,  L. 

Lantana,  L. 

Tectona,  L. 

Clerodendron,  L. 

Vitex,  L. 


Suborder  2.  Myopore^e.  Ovules 
pendulous;  seed  albuminous ;  leaves 
alternate. 

Myoporum,  Bks.  <§•  Sol. 

Avicennia,  L. 


Affinities.— Principally  distinguished  from  Labiatas  by  the  terminal 
stvle  and  more  coherent  carpels.  The  Myoporcce  can  hardly  be  separated 
frbm  the  Verbcncm ;  and  perhaps  Selaginacere  should  be  appended  as  an 
aberrant  form.    The  structure  of  the  fruit  separates  this  Order  from  bcro- 

phulariacerc  and  its  allies.  •  , 

Distribution.— A  large  Order,  chiefly  tropical;  the  J'  crbcne<c  common  in 
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temperate  South  America,  and  a  few_  scattered  in  all  regions.  The  Avi- 
cennice  grow,  like  Mangroves,  in  tropical  salt  marshes. 

Qualities  and  Uses.— Those  of  the  Verbenece  are  much  the  same  as  m 
Lahiatse:  Aloysia  citriodora,  the  cultivated  "  Lemon-plant,  or  Ver- 
hena,"  is  an  instance  of  fragrant  properties ;  many  species  of  Lantana  are 
fragrant  or  foetid ;  some  are  used  as  substitutes  for  Tea.  Vitex  Agnus- 
castus,  V.  Nequndo,  and  others  have  acrid  fruits.  Tectona  grandis  is  the 
East-Indian  Teak-tree,  celebrated  for  its  hard  heavy  wood  (African  Teak 
is  from  a  Euphorbiaceous  tree).  The  bark  of  Avicennia  tomentosa,  the 
White  Mangrove  of  Brazil,  is  used  for  tanning.  Clerodendrons  are  hand- 
some stove-shrubs.  The  brilliant  Verbenas  of  our  gardens  are  mostly 
varieties  of  Verbena  chamcedrifolia  and  allied  species. 

(Selaginace^:  are  a  small  group  differing  from  Verbenacese  princi- 
pally in  having  1-celled  anthers ;  in  Globularia  the  carpels  are  reduced  to 
one.  Hence  there  appears  a  connexion  between  them  and  Salvadoraceas, 
which  approach  Verbenacese  and  Ehretiece  among  the  Boraginaceae  in 
other  points.  Some  of  the  plants  are  European ;  most  of  them  belong  to 
the  Cape.  Globularia  have  purgative  and  emetic  properties.  Genera : 
Selago,  L. ;  Globularia,  L.) 


Order  CVII.  ACANTHACEiE. 

Class.  Personatse,  Endl.    All.  Bignoniales,  Lindl.    Coh.  Personales, 

Benth.  et  Hook. 

465.  Diagnosis. — Herbs  or  shrubs  with  opposite  simple  leaves  ;  flowers 
irregular,  bracteated,  with  an  imbricated  hypogynous  more  or  less  2-lipped 
corolla,  didynamous  or  diandrous  stamens  attached  to  the  tube  of  the 
corolla ;  fruit  a  2-celled,  4-12-seeded  capsule ;  seeds  anatropous,  exalbu- 
minous,  usually  flat,  supported  by  hooked  or  cup-shaped  projections  of  the 
placentas ;  radicle  inferior. 


Thunbergia,  L. 
Ruellia,  L. 


Illustrative  Genera. 

Barleria,  L. 
Acanthus,  L. 


Adhatoda,  Nees. 
Justicia,  L. 


Affinities. — This  Order  is  closely  related  to  Scrophulariacese  and  Big- 
noniaceae,  differing  from  the  former  in  the  exalbuminous  seeds,  from  the 
latter  chiefly,  so  far  as  written  characters  can  be  given,  in  the  structure 
of  the  placenta  and  in  the  seeds  not  being  winged.  Generally  speaking, 
the  large  bracts  of  the  inflorescence,  and  the  imbricated  calyx  of  unequal 
sepals,  give  a  peculiar  and  characteristic  appearance  to  these  plants.  The 
seeds  of  Acanthodium,  Ruellia,  and  other  species  have  a  testa  clothed  with 
curious  compound  hairs  containing  spiral  fibres. 

Distribution.— A  large  Order,  chiefly  tropical. 

Qualities  and  Uses.— Mostly  without  active  properties.  The  most 
striking  peculiarity  lies  in  the  beauty  of  the  flowers  of  many  kinds,  which 
renders  them  great  favourites  in  our  stoves.  Acanthus  mollis  is  interest- 
ing irom  its  leaves  having,  it  is  said,  furnished  the  model  of  the  Corinthian 
capital. 
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Order  CVIII.  BIGNONIACEiE.    The  Trumpet-flower 

Order. 

Class.  Personatae,  Endl.    All.  Bignoniales,  Lindl.    Coh.  Personales, 

JBenth.  et  Hook. 

466.  Diagnosis. — Woody,  or  rarely  herbaceous  plants,  often  twining 
or  climbing,  with  exstipulate  leaves,  hypogynous  monopetalous  corollas, 
didynamous  or  diandrous  stamens;  the  ovary  commonly  2-celled,  by  the 
meeting  of  the  2  placentas  or  of  projections  from  them,  surrounded  at  the 
base  by  a  disk  ;  many-seeded ;  the  seeds  large,  winged,  with  a  flat  embryo, 
and  no  albumen. 

Illustrative  Genera. 


Bignonia,  L. 
Tecoma,  Juss. 


Catalpa,  Scop. 
Eccrernocarpus,  R.  P. 


Affinities. — The  exalbuminous  character  of  the  seeds  separates  this 
Order  from  Scrophulariacese.  From  AcanthaceEe  there  is  less  marked 
distinction  ;  but  the  winged  and  sessile  seeds,  together  with  the  general 
habit  of  the  inflorescence,  mark  the  difference.  Eccrernocarpus  approaches 
closely  to  Gesneracese ;  and  these,  with  Pedaliaceas  and  Crescentiacese, 
are  chiefly  separated  by  the  want  of  coherence  of  the  placentas  in  the 
axis  (the  exceptional  case  here  in  Eccrernocarpus)  and  the  absence  of  a 
wing  to  the  seeds.  Many  Bignoniaceaa  are  remarkable  for  the  structure 
of  their  woody  stems,  which  have  tbe  wood  divided  into  segments  by 
broad  wedge-shaped  processes  of  the  bark ;  the  segments  are  4  in 
young  stems,  forming  a  cross  in  the  transverse  section ;  8,  and  even 
16  lobes  appear  in  the  woody  layers  of  subsequent  years.  The  broad 
paper-like  wing  of  the  seeds  of  Bignonice  has  a  very  elegant  microscopic 
structure. 

Distribution. — A  considerable  family  of  mostly  tropical  plants;  the 
Trumpet-flowered  climbers  form  striking  features  of  American  forests. 

Qualities  and  Uses.— Many  of  the  plants  of  this  Order  are  used  in 
Brazil  for  various  purposes,  such  as  dyes,  medicines  of  varied  action, 
timber,  &c. ;  but  none  are  of  very  great  importance.  Then-  beautiful 
flowers,  often  large  and  brightly  coloured,  render  them  very  attractive. 
Tecoma  radicans,  Eca-emocarpns  scaler,  &c.  are  common  garden  climbers ; 
Catalpa  syringafolia  is  a  handsome  tree  with  showy  blossoms,  hardy  in 
this  country. 

(Pedaliace;e  are  chiefly  distinguished  from  Bignoniacese  by  their 
generally  wingless  seeds,  and'by  their  different  habit.  Sesamum  may  be  re- 
garded as  intermediate  between  the  Orders  just  named,  while  Martyma 
establishes  a  transition  to  Gesneracere,  of  which  Order  Pedaliaceffl,  or,  as 
they  are  sometimes  called,  Sesamete,  are  considered  by  some  to  iorm  a 
tribe.  They  are  chiefly  tropical ;  the  most  important  memberof  the  group 
is  Sesamum  orientale,  which  is  an  object  of  cultivation  in  the  Last  lor  its 
seeds,  from  which  oil  resembling  Olive-oil  is  obtained,  borne  of  the 
species  are  in  cultivation,  among  them  one  or  two  species  of  Martyma 
remarkable  for  the  two  long  horns  to  the  fruit.) 
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(Crescentiaceje  are  also  very  near  to  the  Gesneracese,  and  chiefly 
separated  by  the  arborescent  habit  and  large  amygdaloid  seeds  ;  the  calyx 
also  is  free,  and  its  limb  splits  irregularly.  From  Pedaliaceae  the  fruits  and 
the  amygdaloid  seeds  divide  them.  The  indehlscent  fruit  and  wingless  seeds 
separate  them  from  BignoniacsiB  and  Acanthaceae,  and  this,  together  with 
the  want  of  albumen,  from  Scrophulariaceae,  Solanacese,  and  Lentibulacese. 
This  Order  is  tropical,  most  developed  in  the  Mauritius  and  Madagascar. 
Crescentia  Cujete,  the  Calabash-tree,  has  a  fruit  like  a  gourd,  with  a  hard 
shell  applicable  to  many  useful  purposes,  holding  liquids,  forming  floats 
for  rafts,  &c.  The  subacid  pulp  is  eaten.  Parmentiera  cerifera  (Panama) 
has  a  long  slender  fruit,  and  is  called,  from  the  shape  of  this,  the  Candle- 
tree  ;  it  is  a  favourite  food  of  cattle.) 


OrdeeCIX.  GESNERACEiE. 

Class.  Personatae,  Midi.    All.  Bignoniales,  Lindl.    Coh.  Personales, 

Benth.  et  Hook. 

467.  Diagnosis. — Soft  woody  shrubs  or  herbs,  somewhat  succulent, 
with  opposite  or  whorled  wrinkled  leaves,  without  stipules ;  flowers  ir- 
regular ;  corolla  perigynous  or  hypogynous,  monopetalous ;  stamens  dian- 
drous  or  didynamous  with  a  rudimentary  5th  ;  ovary  half-superior,  with 
a  ring  of  glands  or  a  disk,  1-celled,  with  two  2-lobed  parietal  placentas ; 
fruit  capsular  or  succulent;  seeds  numerous,  with  or  without  albumen; 
cotyledons  much  shorter  than  the  radicle. 

Illustrative  Genera. 


Suborder  1.  GESNEREiE.  Seeds 
with  a  little  albumen ;  calyx  paHly 
adherent  to  the  capsular  fruit. 

Gesnera,  Mart. 

Achimenes,  P.  Br. 

Gloxinia,  Herit. 


Suborder  2.  Ctrtandre^e.  Seeds 
without  albumen ;  fruit  free,  capsu- 
lar, twisted,  or  baccate. 

^Eschynanthus,  Jack. 

Streptocarpus,  Lindl. 

Cyrtandra,  Forst. 


Affinities,  &c — The  Gesneracese  have  much  the  aspect  of  Scrophu- 
lariac^pe ;  and  the  flowers  very  much  resemble  those  of  Bignoniaceae,  but 
their  placentas  are  decidedly  parietal ;  and  although  Eccremocarpus  con- 
nects them  with  Bignoniaceae,  its  winged  seeds  and  large  cotyledons 
still  mark  the  difference  from  Gesneraceae.  The  parietal  placentas  resemble 
those  of  Orobanehaceae,  which  connect  the  Order  further  with  Scro- 
phulariaceee  ;  but  in  the  Gesnerecc,  where  the  seeds  are  albuminous,  the 

calyx^  is  more  or  less  adherent  to  the  ovary.    They  are  tropical  plants  :  

the  Gesnerece  American;  the  Ci/rtandrece  more  diffused,  but  chiefly  Eastern. 
They  ireof  no  great  importance  as  regards  their  properties :  some  Gesnera 
have  edible  fruits:  the  most  interesting  point  about  them  is  the  beauty  of 
the  flowers.  Most  of  the  genera  above  cited  are  found  in  collections  of 
stove-plants  ;  in  their  native  habitations  they  are  often  epiphytic. 
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Order  CX.  OROBANCHACEiE.  Broom-Rapes. 

Class.  Personate,  Midi.    All.  Gentianales,  Lindl.    Coh.  Personales 
Benth.  et  Hook. 

468.  Diagnosis. — Fleshy  herbs  destitute  of  green  foliage  (root-para- 
sites) ;  corolla  monopetalous ;  stamens  irregular,  hypogynous,  didynamous ; 
the  ovary  1-celled,  with  2—4l  parietal  placentas  ;  capsule  with  very  nu- 
merous seeds,  which  are  minute,  albuminous,  with  a  very  small  rudimen- 
tary embryo. 

Illustrative  Genera. 
Orobanche,  L.         Lathrsea,  L. 

Affinities,  &c. — This  Order  is  especially  remarkable  for  the  parasitic  habit, 
the  fleshy  texture,  scale-like  leaves,  and  the  absence  of  chlorophyll,  in 
which  particulars  the  plants  resemble  Monotropacese  ;  but  these  are  not 
characters  of  ordinal  value,  and  we  see  them  running  into  the  nearest 
allies  of  this  group,  as  Buchnera  and  Striga  in  Scrophulariacese,  not  to 
mention  the  partially  parasitic  condition  of  Melampyrce.  The  Order  is 
chiefly  separated  from  Scrophulariacese  by  its  parietal  placentas.  From 
Gentianaceas  it  differs  in  the  carpels  being  placed  back  and  front,  as  in 
Scrophulariacese  and  the  allied  Orders,  while  in  Gentianacea?  they  are 
right  and  left  of  the  axis.  From  Gesneracese  there  is  little  except  the 
habit  to  separate  them.  These  plants  are  parasitic  on  the  roots  of  many 
herbs  and  shrubs  of  very  various  Orders ;  they  attach  themselves  im- 
mediately after  germination,  and  become  organically  grafted ;  some  in- 
crease by  tuberous  buds  from  the  base  of  the  annual  stems.  The  Oro- 
banchacese  are  bitter  and  astringent,  and  are  said  to  be  escharotic ;  these 
qualities  probably  depend  on  a  resinous  fluid  secreted  in  the  abundant 
epidermal  hairs.  They  are  comparatively  numerous  in  Europe,  North 
America,  North  Asia,  and  the  Cape  ;  some  in  India. 


Order  CXI.  SCROPHULARIACESE. 

Class.  Personatse,  JEndl.    All.  Bignoniales,  Lindl.    Coh.  Personales, 

Benth.  et  Hook.  fam 

469.  Diagnosis—  Chiefly  herbs  ;  flowers  with  hypogynous,  _ 
petalous,  irregular  corollas,  the  lobes  of  which  are  imbricate  in  aes- 
tivation ;  didynamous,  diandrous  (or  very  rarely  5  perfect)  stamens 
attached  to  the  tube  of  the  corolla ;  ovary  2-celled,  cells  antero- 
posterior ;  fruit  a  2-celled,  mostly  many-secded  capsule  with  axile 
placentas  ;  seeds  anatropous ;  embryo  small,  in  copious  albumen. 

Character.  v 
Calyv  persistent,  more  or  less  deeply  3^5 -toothed,  more  or  less 
irregular. 

Corolla  Bstaopetalous,  irregular;  the  tube  long  or  short;  the  limb 
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more  or  less  deeply  5-lobed,  or  4-lobed  by  the  coherence  of  the 
2  posterior  petals,  personate  (fig.  400),  bilabiate,  rotate  (fig.  399), 
sometimes  spurred.       *  ^,-».\- 

Stamens  2,  4,  and  didynamous  (fig.  403),  or  with  the  5th  (posterior) 
perfect,  sterile,  or  represented  by  a  petaloid  tootlr(fig.  401),  at- 
tached to  the  corolla ;  anthers  2-celled,  or  1-celled  by  confluence 
or  by  suppression. 

Ovary  2-celled,  with  axile  placentas  bearing  usually  numerous  ovules; 
style  and  stigma  simple,  or  bifid  at  the  apex. 

Fruit  capsular,  rarely  baccate,  2-celled,  dehiscing  by  2  or  4  valves, 
or  by  pores,  or  indehiscent ;  seeds  mostly  numerous,  albuminous. 


Fig.  399. 


Fig.  401. 


Fig.  403. 


Fig.  402. 


Pig.  309.  Corolla  and  stamens  of  Veronica. 
Fig.  400.  Calyx  and  corolla  of  Antirrhinum. 

Fig.  401.  Corolla,  laid  open,  with  didynamous  stamens  and  staminode,  of  Scrophularia. 
Fig.  402.  Diagram  of  flower  of  Scrophularia. 
Fig.  403.  Didynamous  stamens  of  Digitalis. 


*Salpiglossis,  R.  §  P. 

*Schizanthus,  R.  #  P. 
•Calceolaria,  Feuill. 
v^verbascum,  L. 
w*Lmaria,  Tournef. 
vVAntiiTbinum,  L. 


Illustrative  Genera. 

Paullownia,  Zucc. 
^Scrophularia,  Tournef. 
Pentstemon,  L'Hent. 
Minmlus,  L. 


Limosella,  L. 
y/  Digitalis,  L. 


v*Veronica,  L.  \/  *• 
Bartsia,  L. 
Euphrasia,  L. 
Bhmanthus,  L. 
Pedicularis,  L. 
Melampyrum,  L. 


wCih  fflTv  la?ge  0rcler  exllibits  considerable  variety  of  conditions, 

^^a^^^00^^ complex-  Jt  is  fre<luentl>r  divided 

terioi 3 KK£  '  jE3th'ati°n  °f  COr°Ua  PHCate  OT  ^0  pOS- 

teriort^ouS^Zlerior^  *****  b  **  ^ 
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J   3.  Rhinanthece.    ^Estivation  imbricate,  the  two  lateral  lobes  or  one  of 
them  placed  outside. 

The  near  connexion  with  Solanacese,  shown  in  the  close  relationship 
between  Salpifflossis  and  Petunia,  is  mentioned  also  under  that  Order, 
where  a  reference  is  made  to  the  proposed  transfer  of  the  Sulpiglossida 
(marked  above  with  an  *)  to  the  Order  Atropaceae  of  Miers.  Mr.  Bentham 
defines  the  present  Order  by  referring  to  Solanaceae  the  genera  which  have 
at  once  5  stamens  and  a  corolla  plaited  in  aestivation ;  Petunia  has  a 
plaited  corolla  and  5  stamens,  which,  however,  are  unequal  and  declinate, 
and  thus  approach  to  Salpu/lossis,  where  the  corolla  is  very  similar,  but 
the  stamens  truly  didynamous.  Verbascinn,  having  5  stamens,  is  some- 
times referred  to  Solanaceae ;  but  one  at  least  of  the  stamens  is  commonly 
sterile,  and  its  corolla  is  imbricated.  In  another  direction,  Scrophularia- 
ceae  approach  some  of  the  forms  of  the  very  heterogeneous  Loganiaceae, 
and  Bentham  regards  it  as  advisable  to  refer  Buddleia  and  its  allies,  gene- 
rally counted  among  Scrophulariaceae,  to  that  Order,  as  the  only  means 
of  setting  a  definite  boundary  between  the  Orders,  these  genera  having  a 
transverse  ridge  connecting  their  opposite  leaves — an  indication  of  the 
characteristic  interpetiolar  stipules  of  Loganiaceae.  With  Orobanchaceae, 
again,  the  connexion  is  close,  especially  through  the  root-parasiiism  of 
many  genera,  all  of  which  approach  closely  in  the  general  structure  of  the 
flower  to  Orobanche  :  for  the  carpels  are  really  anterior  and  posterior  in 
that  Order  as  they  are  here,  and  the  main  distinction  is,  that  the  margins 
are  not  folded-in  to  form  a  dissepiment,  so  that  Orobanchaceae  have  pa- 
rietal instead  of  axile  placentation  ;  to  which  is  added  their  minute  rudi- 
mentary embryo.  A  general  resemblance  exists  between  the  present 
Order  and  the  other  didynamous  mouopetalous  Orders ;  but  Gesneraceae, 
Pedaliaceae,  and  Crescentiaceae  have  parietal  placentas ;  Bignoniaceae  and 
Acanthaceae  have  exalbuminous  seeds,  and  Lentibulaceae  a  free  central 
placenta. 

The  morphology  of  the  corolla  in  this  Order  is  well  deserving  of  atten- 
tion :  curious  monstrosities  not  unfrequently  occur  in  cultivation,  in  which 
the  normal  irregularity  is  obliterated  by  a  repetition  of  the  pouches, 
spurs,  or  similar  developments  in  each  constituent  petal,  as  in  Linaria, 
where  a  5-spurred  corolla  occurs  with  a  symmetrical  limb  (Pelorian  va- 
riety)—in  this  instance  the  regularity  is  due  to  the  increased  number  of  the 
usually  irregular  parts  (in  other  cases  the  flower  becomes  perfectly  regu- 
lar by  the  complete  absence  of  pouches  and  spurs),—  Calceolaria  with  a 
somewhat  campanulate,  regular  corolla,  &c.  Many  of  the  Scrophularia- 
ceae  are  parasitic  upon  the  roots  of  other  plants,  as,  for  example,  Melam- 
pyrum,  RMnanthus,  and  their  allies,  which,  however,  appear  to  be  only 
partlv  nourished  in  this  way,  having  distinct  roots ;  they  are  remarkable 
for  turning  black  when  dried;  Stnga,  an  exotic  genus, is  still  more  dis- 
tinctly parasitical;  undfiuc/nicra  hydrabadensis  has  scale-like  leaves  similar 
tb  those  of  Orobanche.  In  some  of  the  genera  {Mimulm  &c),  where  the 
style  is  divided  at  the  apex,  it  is  developed  into  two  flat  laminaj,  which 

exhibit  irritability.  .      »   , .  ,       1    .  ,, 

Distribution. — A  very  large  group,  the  species  of  which  are  universally 

diffused  and  very  abundant. 

Qualities  and  Uses.— More  or  less  acrid,  or  bitter ;  mostly  unwhole- 
some; sometimes  deadly  poisons.  Digitalis  purpurea  our  native  fox- 
glove, tho  officinal  plant,  is  an  extremely  powerful  sedative  poison,  both 
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in  the  foliage  and  the  seeds;  the  allied  species  D.  lutea,  ochroleuca, 
lamqata,  &c.  are  equally  active.  The  species  of  Verbaseum  have  a  share 
of  tliis  property,  especially  in  the  seeds.  The  Scrophulcmce,  Linaria,  and 
Veronicas  are  all  more  or  less  bitter  and  acrid,  and  suspicious;  Gratiola 
violently  purgative  and  emetic.  . 

This  Order'is  remarkable  for  the  number  of  beautiful  flowering  herbs  it 
contaius.  The  Snap-dragon,  or  Dragon's-mouth  (Antirrhinum  majm), 
the  species  of  Veronica,  Mimidus  (of  which  the  Musk-plant,  M.  moschatw, 
is  remarkable,  among  plants  of  this  order,  for  its  fragrance),  Linaria,  Pent- 
stemon,  Calceolaria,  Maurandya,  &c.  are  in  every  garden ;  and  of  their 
numerous  exotic  allies  a  long  list  wiU  be  found  in  all  horticultural  col- 
lections. A  large  number  of  showy-flowered  native  weeds  belong  to  this 
Order,  such  as  the  Toad-flax  (Linaria  vulgaris)  and  several  other  species 
of  Linaria,  the  Speedwells  (  Veronica),  the  Ked  Rattle  (Pediadaris)  and 
the  Yellow  Rattle  (Rhinanthus)  (so  called  from  the  ripe  seeds  rattling  in 
the  dried  inflated  membranous  capsides),  the  Foxglove,  Mulleins  ( Ver- 
baseum), &c. 


Okder  CXII.  LENTIBULACE^E.  Butter-wokts. 

Class.  Personatse,  JEndl.    All.  Bignonales,  Lindl.    Coh.  Personales, 

Benth.  et  ILook. 

470.  Diagnosis. — Small  herbs  growing  in  water  or  wet  places  ;  flowers 
with  a  2-lipped  calyx  and  a  non-hypogynous  2-lipped  personate  corolla  ; 
stamens  2,  with  (confluent)  1-c.elled  anthers  ;  ovary  1-celled,  with  a  free 
central  placenta  bearing  several  anatropous  seeds,  with  a  thick  straight 
embyo  and  no  albumen  ;  stigma  bilabiate. 

Illustrative  Genera. 
Utricularia,  L.  Pinguicula,  Tournef. 

Affinities.  — This  Order  is  interesting,  both  from  the  habits  and  appearance 
of  the  plants,  and  from  its  affinities  : 
didynamous  monopetalous  Orders, 
through  Scrophulariacese,  with 
which  it  agrees  in  the  calyx,  corolla, 
and  stamens ;  and  on  the  other 
hand  with  the  regular  Monopetalte, 
through  Primulacere,  with  which  it 
is  connected  by  the  free  central  pla- 
centa. The  structure  of  the  leaves 
of  the  Utricularia;,  especially  that 
of  their  pouches  or  air-floats  (fig. 
403),  is  very  curious.  The  plants  are 
found  in  all  parts  of  the  globe  ;  the 
Utncularia}  are  aquatic,  one  curious  Brazilian  species  (U.  nehunbi- 
folia)  growing  in  the  water  retained  in  the  axils  of  the  sheathing  leaves 
of  a  Tdlandsia.  Pinguicula  are  bog-plants ;  and  P.  xulgaris  is  said  to 
have  the  property  of  coagulating  milk, 


— on  the  one  hand  with  the  irregular, 
Fig.  404.  Fig.  405. 


Fig.  40 1.  Flower  of  Utricularia. 

Fig.  "105.  Air-sac  of  the  leaf  of  Utricularia. 
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Subclass  4.  INCOMPLETE. 

471.  Dicotyledonous  plants  with  a  green  or  coloured  calyx  and 
no  petals,  or  with  a  calyx -like  perianth  of  more  than  one  whorl,  or 
with  the  floral  envelopes  reduced  to  one  or  more  bract-like  pieces, 
or  altogether  absent.    Flowers  often  unisexual. 

The  above  characters  are  more  or  less  artificial,  and  bind  together  a 
rather  heterogeneous  series  of  orders.  Many  of  them  are  merely  degraded 
forms  of  Thalamifloral  or  Calycifloral  types.  The  group  is  sometimes 
divided  into  two  subdivisions,  called  Monochlaniydese  and  Achlaruydeas, 
according  as  there  is  or  is  not  a  true  calyx  or  perianth  surrounding  the 
stamens  and  pistil.  Many  of  the  plants  in  this  group  have  unisexual 
flowers  grouped  in  cones  or  catkins. 


Order  CXIII.  POLYGONACEjE.    The  Sorrel  Order. 

Class.  Oleraceje,  Encll.    All.  Silenales,  Lindl.    Coli.  Chenopodiales, 

Benth.  et  Hook. 

472.  Diagnosis. — Herbs  with  alternate  leaves,  mostly  furnished 
with  stipules  in  the  form  of  sheaths  (ocrece)  above  the  swollen 
joints  of  the  stem  ;  the  flowers  mostly  perfect,  with  a  more  or  less 
persistent  perianth ;  stamens  hypogynous,  or  very  rarely  perigynous  ; 
a  1-celled  ovary  bearing  2-3  styles  or  stigmas,  and  a  single  erect 
orthotropous  ovule ;  fruit  a  triangular  nut  enclosing  1  erect  seed, 
usually  with  farinaceous  albumen  and  an  inverted  embryo. 


Eriogonum,  L.  C.  Rich. 
Rheum,  L. 


Illustrative  Geneba. 

Polygonum,  L. 
Coccoloba,  Jacq. 


Runiex,  L. 


Affinities  —The  commoner  plants  of  this  Order  may  be  distinguished 
by  the  peculiar  ocreaceous  stipules  (fig.  58),  which,  however,  are  wanting 
in  Eriogonum  and  some  other  genera;  the  most  distinctive  charac- 
teristic is  the  solitarv  erect  seed  with  its  embryo  having  the  radicle  turned 
upward;  this  separates  it  from  its  near  allies,  the  Chenopodiacea?  and 
Amarantace.-e,  from  which  also  the  perianth  and  the  ocrere  remove  it  ; 
also  from  the  Nyctaginaceaj,  to  which  the  mvolucrate  flowers  and  abortive 
stipules  of  Eriogonek  approach.  There  is  a  further  relation  to  Caryo- 
phyllacere  through  the  Paronychiaceas.  „„!™,„iiv 

i)istribution.-A  large  Order,  the  members  of  which  are  umversallj 
diffused,  especially  abundant  in  temperate  climates 

Qualifies  and  Uses—The  foliage  of  these  plants  is  frequently ^  cha- 
racterized by  the  presence  of  an  acid  juice,  depending  on  the  presence  of 
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oxalic  and  malic  acids,  or  by  an  acrid,  pungent  juice;  some  are  strongly 
astringent,  while  the  roots  are  generally  more  or  less  powerfully  purgative ; 
the  starchy  albumen  of  the  seeds  is  sufficiently  abundant  in  some  species  to 
furnish  a  valuable  substitute  for  com.  Among  the  useful  acidulous  kinds 
are  the  garden  Rhubarb,  Rheum  undulatum,  R.palmat,um,  &c;  the  Sorrels 
( Rumex  scutatus,  R.  Acetosa,  and  R.  Acetosetta)  are  familiar  plants.  Rheum 
Ribes  is  used  for  flavouring  sherbet  in  the  East;  and  some  other  exotic 
plants  have  like  properties.  Polygonum  Htjdropiper,  a  common  native 
weed,  is  very  acrid,  even  vesicant  when  fresh.  P.  Bistorta  was  formerly 
in  use  as  an  astringent ;  and  Coccoloba  uvifera,  the  Sea-side  Grape  of  the 
West  Indies,  furnishes  a  very  astringent  extract.  The  Rhubarb  of  medi- 
cine consists  of  the  roots  of  Rheum  palmatum,  undulatum,  rhaponticum, 
Emodi,  Webbianum,  and  other  species ;  the  roots  of  Rumex  alpinus  were 
formerly  used  as  a  purgative  under  the  name  of  Monk's  Rhubarb.  Fago- 
pyrum  esculentum,  common  Buck-wheat,  F.  tataricum,  and  other  species 
are  largely  cultivated  for  food  in  the  northern  parts  of  Asia  and  of  Eastern 
Europe.    The  common  Docks  are  species  of  Rumex. 


Order  CXIV.  NYCTAGINACEjE.    The  Marvel-of- 

Peru  Order. 

Class.  Oleracese,  Endl.    All.  Chenopodales,  Lindl.    Coh.  Nyctaginales, 

Benth.  et  Hook. 

473.  Diagnosis. — Herbs,  shrubs,  or  trees,  mostly  with  opposite  and  en- 
tire leases;  stems  tumid  at  the  joints;  flowers  surrounded  by  an  invo- 
lucre, with  a  delicate,  tubular  or  funnel-shaped  petaloid  perianth ;  upper 
part  deciduous,  lower  part  persistent,  constricted  above  the  1-celled,  1- 
seeded  ovary,  and  indurated  to  form  the  pericarp  (diclesium)  ;  stamens  1 
or  several,  slender,  hypogynous  ;  the  embryo  coiled  round  the  outside  of 
the  mealy  albumen,  with  broad  foliaceous  cotyledons  and  an  inferior 
radicle. 

Illustrative  Geneba. 
Boerhaavia,  L.     |     Mirabilis,  L.     |     Pisonia,  Plum. 

Affinities. — The  nearest  relatives  of  these  plants  are  probably  the  Poly- 
gonacese,  especially  the  tribe  of  Friogonece ;  but  the  inferior  radicle  and 
the  peculiar  fruit  enclosed  in  the  indurated  base  of  the  perianth  are  evi- 
dent distinctions.  The  stems  of  these  plants,  especially  of  the  Pisonice, 
have  a  curious  arrangement  of  their  fibro-vascular  bundles. 

Distribution. — Natives  of  warm  climates,  chiefly  in  the  S.  hemisphere. 

Qualities  and  Uses. — The  roots  of  the  Nyctaginaceae  are  generally  pur- 
gative; and  Mirabilis  Jalapa  was  formerly  supposed  to  be  the  source  of 
medicinal  J alap.  Mirabilis  dichotoma,  the  Marvel  of  Peru  of  our  gardens 
is  remarkable  i'or  opening  its  flowers  in  the  afternoon,  whence  it  is  termed 
the  Four-o'clock  Plant ;  both  this  and  M.  longiflora,  another  cultivated 
species,  are  violent  purgatives. 
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Order  CXV.  AMARANTACEiE.  Amaranths. 

Class.  Oleracese,  Endl.    All.  Chenopodales,  Lindl.    Coh.  Chenopodiales, 

Jienth.  et  Hook. 

474.  Diagnosis. — Weedy  herbs,  with  opposite  or  alternate  exstipulate 
leaves,  and  spiked  or  capitate,  bracteated  inflorescence ;  the  flowers  mostly 
with  an  imbricated  perianth  of  dry  and  scarious  persistent  bracts,  often 
coloured,  3-5  in  number;  occasionally  unisexual;  stamens  5-merous,  hy- 
pogynous ;  anthers  sometimes  1-celled ;  the  one-celled  ovary  usually  1- 
ovuled,  in  one  tribe  (Celosieae)  many-ovuled;  style  1  or  0 ;  stigma  sim- 
ple or  compound ;  fruit  a  utricle,  a  caryopsis,  or  a  berry  ;  seed  pendulous, 
with  the  embryo  curved  round  the  circmnference  of  farinaceous  albumen ; 
the  radicle  near  the  hiluni. 


Illustrative  Genera. 


Celosia,  L. 
Amarantus,  L. 


Achyranthes,  L. 
Gomphrena,  L. 


Affinities. — No  absolute  character  can  be  given  to  separate  this  Order 
from  the  Chenopodiacese ;  but  the  habit,  especially  the  crowded  bracteated 
inflorescence  and  the  membranous  perianth,  renders  them  very  different 
in  appearance.  Their  more  distant  relations  are  the  same  as  those  of  that 
Order. 

Distribution. — A  large  Order,  the  species  of  which  are  most  abundant 
within  the  tropics,  in  dry,  barren  situations. 

Qvialities  and  Uses. — Generally  with  somewhat  mucilaginous  juice, 
seldom  with  active  properties.  The  species  of  Amarantus,  such  as  A.  caitr 
clatas,  Love-lies-bleeding,  and  A.  hypochondriacus,  Prince's-Feathers,  are 
well  known  in  gardens  for  their  bright-coloured  and  persistent  blossoms — 
as  are  also  the  more  tender  Globe  Amarantus  (Gomphrena)  and  the 
Cock's-comb  (Celosia  cristata),  the  latter  remarkable  for  its  fasciated 
flowering-stem. 


Order  CXVL  CHENOPODIACE-ffi.   The  Spinach  Order. 

Class.  OleraceEe,  Endl.    All.  Chenopodales,  Lindl,    Coh.  Chenopodiales, 

Benth,  et  Hook. 

475.  Diagnosis. — Chiefly  herbs,  of  weedy  aspect,  more  or  less 
succulent ;  leaves  mostly  alternate  ;  no  stipules,  nor  scarious  bracts  ; 
flowers  perfect,  polygamous  or  diclinous,  minute,  greenish,  with  the 
free  perianth  imbricated  in  the  hud ;  the  stamens  as  many  as  the 
perianth-lobes,  or  rarely  fewer,  and  inserted  opposite  to  them  or  on 
their  bases ;  the  1-celled  ovary  becoming  a  1 -seeded  thin  utricle  or 
an  achamium ;  embryo  coiled  into  a  ring  (around  the  albumen  when 
present)  or  spiral. 
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Illustrative  Genera. 


Salicamia,  Tournef. 
A  triplex,  L. 


Chenopodium,  L. 
Salsola,  L. 


Blitum,  L. 
Beta,  Tournef. 

Affinities.— Closely  related  to  Ainarantacese,  but  differing  in  habit  and 
in  the  sum  of  the  characters.  From  the  Phytolaccaceaa  they  differ  in 
the  simple  ovary  and  the  stamens  equal  in  number  and  opposite  to  the 
segments  of  the  perianth ;  from  Scleranihece  they  are  separated  by  the 
simple  ovary,  the  usually  alternate  leaves,  and  the  distinctly  hypogynous 
condition  of  the  stamens ;  from  the  Paronychieai  particularly  by  the  ab- 
sence of  stipides ;  through  the  Paronychiaeese  they  are  nearly  related  to 
CaryophyllaceEe. 

Distribution. — A  large  Order,  generally  diffused  in  waste  places  or  m 
salt-marshes ;  most  abundant  outside  the  tropics. 

Qualities  and  Uses. — Generally  bland  and  innocuous,  the  foliage  often 
rendering  them  valuable  as  pot-herbs,  and  their  roots  furnishing  food  for 
cattle  ;  sometimes  with  anthelmintic  and  antispasmodic  properties.  The 
maritime  kinds  were  formerly  of  great  value  from  the  quantity  of  soda 
obtained  from  their  ashes.  Spinach  (Spinacia  oleraced),  Orach  (Airiplex 
hortensis),  and  English  Mercury  (Chenopodiwn  Bonus  Henricus)  belong  to 
this  Order ;  also  the  Beet  and  Mangold  Wurzel  (Beta  vulgaris  and  C'ycla). 
From  the  juice  of  the  Beet,  sugar  is  extracted  in  considerable  quantities. 
Chenopodtum  anthelminticum  yields  an  essential  oil,  used  as  an  anthelmintic 
under  the  name  of  Worm-seed  Oil ;  C.  ambrosioides  and  Botrys  also  have 
an  aromatic,  antispasmodic  essential  oil ;  Chenopodiwn  Quinoa  ibrms  tubers 
like  potatoes,  which  are  eaten  in  Peru.  Salsola  Soda,  Salicornia  herbaeea, 
and  other  species  (Glass-wort),  with  species  of  Atriplex,  Schoberia,  &c, 
abound  in  salt-marshes,  and  were  formerly  much  used  in  the  preparation 
of  barilla.  Several  species  of  Chenopodium  and  Atriplex  abound  in  waste 
places,  forming,  with  various  kinds  of  Dock  (Rumex),  Polygonum,  and  Ur- 
tica  (Nettle),  the  most  conspicuous  weeds  of  neglected  cultivated  ground. 

(Basellaceje  are  a  small  Order  of  plants  closely  related  to  Chenopo- 
diacese,  chiefly  distinguished  by  the  presence  of  a  double,  coloured  perianth 
and  perigynous  stamens ;  they  are  tropical  climbing  herbs  or  shrubs. 
Some  species  of  Basella  are  used  as  Spinach ;  Ullucus  tuberosus  has  a 
tuberous  root,  used  in  Peru  like  the  Potato.) 

(Phvtolaccaceje  proper  are  nearly  connected  with  Polygonaceas  and 
Chenopodiaceas,  differing  from  both  in  the  presence  of  a  number  of  car- 
pels, from  the  former  also  in  the  absence  of  stipules,  from  the  latter  in 
the  stamens  exceeding  the  lobes  of  the  perianth.  Phytolaccece  pass  into 
Petkerieoe  by  the  occurrence  of  5  separate  carpels  in  Giesekia,  while  Rivuia 
has  little  albumen;  the  Petiveriece  would  then  connect  this  Order  with 
the  Sapindaeeae  and  their  allies,  while  the  columella  of  the  Gyrostemonece 
would  mark  a  distant  affinity  with  the  Malvaceas. 

Distribution. — A  small  Order,  scattered  in  all  parts  of  the  world. 

Qualities  and  Uses. — More  or  less  acrid,  purgative,  or  emetic.) 

(PETTVERiEiB,  separated  by  some  authors,  have  stipidate  leaves,  single 
oYiirv,  exalbuminous  seeds,  and  a  straight  einbryo  with  convolute  coty- 
ledons ;  and  ( 1  YRosTEMONEiB  have  unisexual  flowers,  the  carpels  arranged 
round  a  columella,  twin  suspended  ovules,  albuminous  seeds,  with  a  hooked 
embryo  having  linear  cotyledons,  and  an  inferior  radicle.) 

Q2 


340 


SYSTEMATIC  BOTANT. 


Order  CXVII.  LAURACEiE.    The  Bay  Order. 


Class.  Thyineleae,  Endl.    All.  Daphnales,  Lindl. 

Benth.  et  Hook. 

476.  Diagnosis. — Aromatic  trees  or  shrubs,with 
alternate  simple  leaves,  sometimes  marked  with 
pellucid  dots,  and  flowers  with  a  regular  perianth 
of  4—6  coloured  sepals,  which  are  barely  united 
at  the  base,  imbricated  in  2  circles  in  the  bud, 
free  from  the  1 -celled  ovary  containing  1  or  2 
pendidous  ovules,  and  mostly  fewer  than  the 
stamens ;  anthers  opening  by  2  or  4  lid-like 
valves  (fig.  406)  ;  fruit  a  berry  or  a  drupe ;  seed 
without  albumen ;  radicle  superior. 


Coh.  Laurales, 
Fig.  400. 


Cinnamonium,  Burm. 
Camphor  a,  Nees. 
Nectandra,  Rottl. 


Illusthattve  Geneba. 

Sassafras,  Nees. 
Tetranthera,  Jacq. 


Stamen  of  Laurus. 

Laurus,  Tournef. 
Cassytha,  L. 


Affinities. — The  peculiar  operculate  dehiscence  of  the  anthers  distin- 
guishes this  Order  from  most  of  the  allied  Monochlamydeous  groups:  from 
Atherosperniaceae,  which  share  this  character,  Lauracese  are  distinguished 
by  their  solitary  carpel  and  pendulous  ovules.  The  Lauracere  have  also  affi- 
nities with  Myristicaceae  in  the  qualities  of  their  products ;  but  the  struc- 
ture differs  widely.  Cassytha  is  a  remarkable  form,  having  a  twining 
parasitic  leafless  stem  like  Cusouta,  bearing  true  Lauraceous  flowers.  The 
fruit  of  some  genera  is  curious,  as  that  of  Dehaasia,  which  is  borne  upon 
a  thickened  peduncle,  somewhat  like  that  of  Anarcardium. 

Distribution. — A  large  Order,  principally  found  in  cool  situations  in  the 
tropics;  one  {Laurus  nobilis)  is  a  native  of  Europe,  and  a  few  of  North 
America. 

Qualities  and  Uses. — The  most  marked  properties  of  these  plants  depend 
on  the  presence  of  aromatic  oils  and  Camphor ;  but  the  bark  of  some  has 
valuable  tonic  and  febrifuge  qualities,  the  timber  of  many  kinds  is  valu- 
able, and  the  Order  affords  a  number  of  edible  fruits. 

True  Cinnamon  is  the  bark  of  Cinnamomum  zeylanicum ;  Cassia-bark  is 
derived  from  C.  Cassia  and  other  species ;  many  other  trees  of  the  Order  ore 
noted  for  the  possession  of  an  aromatic  bark  of  Bimttar character,  and  furnish- 
false  Cinnamons  in  South  America  and  other  countries.  Camphor  is  pro- 
duced in  the  wood,  brauches,  and  leaves  of  Camphora  officinarum,  and  is 
obtained  by  dry  distillation ;  some  species  of  Cinnamomum  contain  a  con- 
siderable quantity  of  this  substance.  The  aromatic  fruits  of  some  of  the 
Lauraccce  furnish"  false  Nutmegs,  the  Clove-nutmegs  of  Madagascar  being 
the  seeds  of  Ayathophyllum  aromaticum,  the  Brazilian  Nutmegs  those  of 
Cryptocarya  moschata,  &c. 

The  bark  of  Nectandra  Rodicci,  the  Bibiri  of  Guiana,  is  said  to  be  a 
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valuable  febrifuge ;  tbe  bark  of  tbe  root  of  Sassafras  officinale  is  highly 
esteemed  in  North  America  for  its  diaphoretic  powers ;  Benzoin  odon- 
ferum  has  similar  properties,  and  the  oil  of  its  aromatic  hemes  is  stimu- 
lant. The  fruit  of  Persea  gratissima  is  the  highly  praised  West-Indian 
Avocado  Pear ;  it  contains  much  fixed  oil.  , 

The  timber  of  Nectandra  Podicei  is  the  Green-heart  wood  of  Guiana, 
remarkable  for  its  hardness  and  solidity ;  Persea  indica  furnishes  a  kind  of 
coarse  mahogany  in  the  Canaries.  Camphor- wood  is  sometimes  used  by 
cabinet-makers  on  accoimt  of  its  odour.  Laurus  nobilis,  the  Bay-tree  or 
classic  Laurel,  is  a  native  of  the  South  of  Europe,  and  is  hardy  in  the 
south  of  England  j  its  aromatic  leaves  are  used  for  flavouring  confectionary 
(these  must  not  be  confounded  with  those  of  the  Cherry-laurel,  which 
contain  much  hydrocyanic  acid) ;  a  concrete  green  oil,  called  Oil  of  Bays, 
is  obtained  from  it. 

(The  Atherospermace-s:  are  trees  like  Monimiacese,  but  with  the 
flowers  sometimes  perfect,  the  anthers  opening  by  lid -like  valves,  and  the 
albuminous  seeds  erect ;  the  nuts  are  enclosed  in  the  tube  of  the  perianth, 
and  the  persistent  styles  grow  out  into  feathery  awns,  whence  the  plants  are 
called  Plume-nutmegs.  They  are  chiefly  distinguished  from  Monimiaceae 
by  their  anthers,  which  resemble  those  of  Lauraceae,  from  which  they  are 
distinguished  by  the  apocarpous  ovaries,  the  diclinous  flowers,  and  erect 
albuminous  seeds,  and  are  allied  to  Myristicaceaa  by  the  diclinous  flowers 
and  aromatic  albuminous  seeds.  The  valvate  anthers  here,  as  observed 
by  Dr.  Hooker,  indicate  affinity  to  Berberaceae  rather  than  to  Lauraceas. 
Two  of  the  genera,  LaureKa  and  Atherosperma,  are  natives  of  Australia ; 
Doryphora  is  Chilian ;  they  have  fragrant  properties,  and  a  decoction  of 
the  bark  of  A.  moschata  is  sometimes  used  as  a  substitute  for  Tea.) 


Order  CXVIII.  MYEISTICACE^. 
The  Nutmeg  Order. 

Class.  Polycarpicae,  Endl.    All.  Menispermales,  Lindl.    Coh.  Laurales  ?, 

Smth.  et  Hook. 

477.  Diagnosis. — Tropical  trees  with  alternate,  entire,  leathery,  exsti- 
pulate  dotted  leaves ;  flowers  diclinous,  apetalous,  clustered  or  racemose ; 
perianth  8-  or  rarely  4-fid,  leathery,  valvate ;  stamens  of  the  barren  flower 
distinct  or  monadelphous ;  anthers  3-12,  perfect,  extrorse ;  perianth  of  the 
fertile  flower  deciduous ;  carpels  solitary  or  numerous,  rarely  2,  and  dis- 
tinct ;  ovules  1  in  each  cell ;  fruit  succulent,  containing  a  seed  surrounded 
by  a  lobed  arillus,  and  having  a  small  embryo  in  copious  oily-fleshy 
ruminated  albumen. 

Illustrative  Genera. 
Myristica,  L.     |     Hyalostemma,  Wall.     |     Virola,  Aubl. 

Affinities — The  nearest  relations  of  this  Order  are  with  the  apocarpous 
lhalamiflorous  Orders,  more  particularly  Anonacese,  with  which  they 
agree  m  the  clotted  leaves,  valvate  aestivation,  extrorse  anthers,  apocarpous 
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ovaries  and  ruminated  albumen ;  but  the  Bowers  are  usually  perfect  in 
that  Order.  The  structure  of  the  seeds  connects  Monimiaceaj  and  Athero- 
spermaceoe  with  this  Order  ;  but  they  have  opposite  leaves,  besides  other 
peculiarities.  In  many  points  they  resemble  Magnoliaceaj,  but  differ  in 
the  valvate  calyx,  absence  of  corolla,  monadelphous  stamens,  solitary  car- 
pel and  ovule.  [The  resemblance  to  Sterculiacese  seems  to  have  been 
overlooked ;  nevertheless  there  are  many  points  of  contact  between  the 
present  family  and  the  tribe  Sterculieas,  in  the  apetalous  unisexual  flowers, 
the  valvate  calyx,  the  monadelphous  stamens,  the  arillate  seeds. — Ed.]. 
In  their  active  qualities  and  habit  they  somewhat  resemble  Lauracese. 

Distribution. — Tropical  India  and  America;  most  numerous  in  the 
former. 

Qualities  and  Uses. — Aromatic  and  acrid.  The  common  Nutmeg  is 
the  seed  of  Myristica  moschata  (Moluccas),  Mace  being  the  laciuiated 
arillus  surrounding  this.  Coarse,  inferior  Nutmegs  are  obtained  from 
M.  Otoba  in  Brazil,  M.  spuria  in  the  Indian  islands,  and  others  of  the 
numerous  American  and  East-Indian  species.  The  bark  and  the  rind  of 
the  fruit  are  acrid. 

(Lacistemaceje  are  a  small  group  of  shrubs  belonging  to  the  woods 
of  tropical  America,  with  apetalous,  polygamous  or  diclinous  flowers,  and 
a  1-celled  ovary  with  parietal  placentas.  Their  position  is  doubtful :  they 
have  an  amentaceous  inflorescence,  a  perianth  like  that  of  Urticaceae,  fila- 
ments like  those  of  Chloranthacere,  and  an  ovary  like  that  of  Samydaceae 
or  Bixacese,  with  arillate  seeds  as  in  the  latter  Order.) 

(GakryacejE. — A  small  Order  of  shrubs  of  North-west  America,  and 
having  amentaceous  inflorescence,  unisexual  flowers,  a  2-4-parted  peri- 
anth, definite  stamens,  and  a  1-3-celled  inferior  ovary  with  2  pendulous 
ovules ;  seeds  with  a  minute  embryo  in  abundant  albumen.  They  differ 
from  IiamaruelidaceaB  in  their  apetalous  flowers,  definite  stamens,  and 
baccate  fruit.) 

(Helwingiace2E  is  an  Order  foimded  on  a  Japanese  shrub  which  bears 
the  fascicles  of  flowers  adherent  to  the  midribs  of  the  leaves  (?)  ;  it  differs 
from  Ganyaceaa  in  having  the  inferior  ovary  3-4-celled,  with  an  ovide  in 
each  cell.  These  plants  are  usually  placed  among  diclinous  Monochlam yds. 
but  they  appear  to  have  relations  with  Santalacese,  Hamamelidacea;,  and 
Comaceaa.    They  have  no  important  properties.) 


Order  CXIX.  LORANTHACELE.   The  Mistletoe  Order. 

Class,  Discanthaa,  Endl.    All.  Asarales,  Lindl.    Coh.  Santalales, 

Benth.  ct  Hook. 

478.  Diagnosis.— Shrubby  plants  with  leathery  greenish  foliage, 
parasitic  (naturally  grafted)  on  trees  ;  leaves  opposite,  cxstipulate  : 
flowers  perfect  or  diclinous ;  perianth  adherent,  with  4-8  lobes ; 
stamens  4-8,  opposite  to  the  segments  of  the  perianth  ;  ovary  inferior. 
1-celled,  with  3  ovules  pendulous  from  a  free  central  placenta,  or 
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1,  erect,  arising-  from  the  base  of  the  cell ;  fruit  succulent ;  seed  1 ; 
embryo  in  fleshy  albumen ;  radicle  remote  from  the  hilum. 

Illustrative  Genera. 
Viscum,  Tournef.     |     Loranthus,  L.     |     Myzodendron,  Sol. 

Affinities — These  remarkable  plants  are  distinguished  by  their  peculiar 
parasitic  habit.  They  are  nearly  allied  to  Santalaceae,  presenting,  like  that 
Order,  a  naked  nucleus  as  the  representative  of  the  ovule,  and  are  further 
characterized  by  the  strange  extrusion  of  the  apex  of  the  embryo-sac  before 
or  after  fertilization.  Besides  the  curious  structure  of  the  flowers,  they 
have  an  anomalous  organization  of  the  wood,  which  has  no  medullary 
sheath  of  spiral  vessels,  but  contains  scalariform  tubes.  The  germination  of 
the  seeds  exhibits  some  interesting  phenomena :  in  Viscum  the  seeds  adhere 
to  the  young  shoots  of  trees  by  means  of  the  viscid  pulp  of  the  fruit ;  in 
Myzodendron  there  are  long  feathered  processes,  which  coil  round  the 
branches  on  which  they  settle ;  in  either  case  the  seeds  are  retained  in 
contact  with  the  surface  of  the  shoot  upon  which  they  rest,  where  they 
germinate  and  push  their  radicle  through  the  bark,  down  to  the  cambium- 
layer,  with  which  they  contract  an  organic  adhesion  and  become  grafted, 

1'ust  as  a  bud  does  in  the  ordinary  gardening  operation  of  budding 
loses,  &c. 

Distribution. — A  large  Order,  of  which  some  are  European,  as  Viscum  album 
and  Loranthus  europceus;  the  majority  belong  to  the  hotter  parts  of  Asia 
and  America ;  Myzodendron  belongs  to  the  temperate  parts  of  the  southern 
hemisphere. 

QuaUties  and  Uses. — Some  of  the  plants  have  astringent  properties ; 
but  the  most  important  product  perhaps  is  the  viscid  pulp  of  the  fruit 
of  Viscum  album,  which  is  used  for  making  bird-lime.  The  curiosity 
attaching  to  the  parasitic  habit  is  the  most  striking  feature  in  this  Order, 
most  of  the  plants  growing  like  our  common  Mistletoe,  Viscum  album ; 
this  appears  capable  of  grafting  itself  on  a  wide  variety  of  trees,  being 
most  common  on  the  Apple-tree  with  us,  but  occurring  on  Thorns,  Wil- 
lows, Limes,  Oaks,  Elms,  and  even  on  Fir-trees. 


Order  CXX.  S ANT AL ACE M .    The  Sandal-wood  Order. 

Class.  Thymelese,  Endl.    All.  Asarales,  Lindl.    Coh.  Santalales, 
Benth.  ct  Hook. 

479.  Diagnosis.— Herbs,  shrubs,  or  trees  with  entire  leaves ;  the  4-5- 
clett  perianth  valvate  in  the  bud,  its  tube  coherent  with  the  ovary.  Sta- 
mens opposite  to  the  lobes  of  the  perianth ;  ovary  1-celled  with  2-4 
ovules  suspended  from  the  apex  of  a  free  stalk-like  central  placenta  arising 
trom  the  base  of  the  cell;  the  indehisccnt  fruit  1-seeded;  seed  with 
abundant  albumen  filling  the  pericarp ;  embiyo  straight ;  radicle  superior. 

Illustrative  Genera. 
Thesium,  L.     |     Osyris,  L.     |     Santahun,  L. 
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Affinities — The  definite  pendulous  ovules,  consisting  of  a  naked  nucleus 
attached  to  a  free  central  placenta  and  protruding  the  embryo-sac  before 
or  after  fertilization,  are  very  remarkable  and  striking  characters  in  this 
Order ;  the  entire  seed  is  formed  in  the  embryo-sac,  outside  the  nucleus. 
The  nearest  relations  are  probably  with  the  Loranthaceas,  which,  however, 
differ  in  habit,  being  stem-parasites,  and  having  less  complete  and  some- 
times imperfect  flowers.  Thesium  is  partially  parasitic  on  the  roots  of 
other  plants.  There  is  a  more  remote  relation  to  Olacacese  and  allied 
Orders. 

Distribution. — A  small  Order;  the  European  and  North- American  species 
are  inconspicuous  herbs ;  in  India  and  Australia  they  are  shrubs  or  small 
trees. 

Qualities  and  Uses. — Sandal-wood,  the  wood  of  Santahtm  album,  is 
perhaps  the  best-known  production  of  this  Order.  The  seeds  of  the 
Quan clang  Nut  (Fusanus  acuminahis)  are  eaten  like  almonds  in  Australia. 
Some  species  are  astringent. 


Order  CXXI.  THYMELACEtE.    The  Lace-bark  Order. 


Class.  Thymeleee,  Fndl.    All.  Daphnales,  Lindl.    Coh.  Laurales, 
Benth.  et  Hooh. 

480.  Diagnosis. — Shrubs  with  an  acrid  and  very  tough  (not  aromatic) 
bark,  entire  leaves,  and  perfect  flowers,  with  a  regular  and  simple,  usually 
coloured  perianth,  bearing  ordinarily  twice  as  many  stamens  as  its  lobes, 
free  from  the  1-celled,  1-ovuled  ovary;  seed  suspended;  albumen  none, 
or  sparing ;  radicle  superior. 


Affinities. — Among  the  Monochlamydeous  Orders  this  may  be  distin- 
guished from  Santalacese  by  its  free  ovary ;  from  Elreagnaceo3  by  its  per- 
fect or  polygamous  flowers  and  pendulous  seed ;  from  Lauracese  by  the 
longitudinal  dehiscence  of  the  anthers ;  from  Proteacere  by  its  pendulous 
seeds  and  imbricated  perianth.  The  flowers  are  mostly  perfect,  but  poly- 
gamous in  the  tribe  Hernandiecc.  The  liber  is  developed  in  numerous 
separable  layers  in  the  bark  of  these  plants. 

Distribution.— A  rather  large  Order,  most  abundant  at  the  Cape  of  Good 
Hope  and  in  Australia,  but  found  sparingly  in  all  other  parts  of  the  world. 

Qualities  and  Uses. — The  bark  is  usually  acrid,  and  that  of  .Mezereon 
(Daphne  Mezereum)  and  other  plants  is  used  as  a  local  irritant:  taken 
internally  it  is  an  irritant  poison.  Daphne  Laureola,  the  Spurge  1  laurel, 
another  native  species,  has  similar  qualities— as  also  D.  Gnidium  ami  D. 
pontica,  favourite  garden  shrubs,  and  other  species.  The  liber  of  Laqetta 
Kntearia  (West  Indies)  is  separable  into  lace-like  laminre,  whence  it  is 
called  the  Lace-bark  tree,  and  the  liber  of  some  Daphnes  furnishes  useful 
fibres,  and  in  other  cases  is  manufactured  into  paper.    The  berries  of 


Illustrative  Genera. 


Daphne,  L. 

Pimelea,  Banks  Sol. 


Lagetta,  Jim. 
Hernandia,  Plum. 
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Daphne  are  poisonous ;  but  the  seeds  of  Inocarpus  eduhs  are  eaten  roasted 
like  chestnuts.  Daphne,  Pimelea,  and  some  other  genera  include  many 
handsome  cultivated  plants,  the  perianth  being  petaloid. 

(AQUiLAniACEiE  are  a  small  group  of  plants,  of  tropical  Asia,  nearly 
related  to  Thyrnelaceae,  but  having  a  2-celled  ovary,  and  sometimes  a 
2-valved  dehiscent  capsule ;  one  ovule  is  sometimes  abortive ;  and  the 
fruit  in  some  cases  is  an  indehiscent  succulent  berry.  The  heart-wood  oi 
Aquilaria  ovata  and  A.  Agallochum  are  known  as  Eagle-wood  or  Aloes- 
wood,  and  contains  a  resinous  matter  of  stimulant  quality.  Genera :  Aqui- 
laria, Lam. :  Gyrinopsis,  Gaertn.) 


Order  CXXII.  ELJEAGNACEiE. 

Class.  Thynieleas,  Midi.   All.  Amentales,  Lindl.    Coh.  Laurales, 
Benth.  et  Hook. 

481.  Diagnosis. — Shrubs  or  small  trees  with  silvery-scurfy  leaves  and 
mostly  dioecious  flowers ;  perianth  free  from  the  ovary,  its  tube  becoming 
pulpy  and  berry-like  in  the  fruit ;  stamens  as  numerous  as  the  lobes  of 
the  perianth  and  alternate  with  them  or  twice  as  many ;  ovary  1-celled, 
1-seeded,  seed  ascending;  embryo  straight,  with  thin  albumen  and  an 
inferior  radicle. 

Illustrative  Genera. 
Hippophae,  L.  Elaeagnus,  L. 

Affinities,  &c. — This  is  a  small  Order,  generally  diffused  in  the  northern 
hemisphere,  separated  from  the  Thymelaceaa  by  the  ordinarily  dioecious 
structure  and  the  ascending  ovule  ;  Dlceagnus,  which  has  perfect  or  poly- 
gamous flowers,  forms  the  link.  From  Proteaceae  they  are  separated  by 
the  valvate  calyx  and  the  indehiscent  fruit.  The  scurfy  scales  upon  the 
leaves  are  elegant  microscopic  objects.  The  berries  of  Hippophae  rham- 
noides,  Sea  Buckthorn,  common  on  our  sea-coast,  are  sometimes  used  in 
fish-sauces,  but  are  said  to  have  narcotic  properties.  Those  of  Elceagnus  ■ 
orientalis  are  eaten  in  Persia,  and  those  of  other  species  in  India.  The 
flowers  of  some  species  are  very  fragrant. 


Order  CXXIII.  PROTEACE/E. 

Class.  Thymeleae,  Endl.    All.  Daphnales,  Lindl.    Coh.  Laurales, 
Benth.  et  Hook. 

482.  Diagnosis. — Shrubs  or  small  trees  usually  with  umbellate 
branches ;  leaves  hard,  dry,  opposite  or  alternate,  exstipulate ; 
flowers  apetalous ;  perianth  4-cleft,  valvate ;  stamens  4,  opposite  to 
the  segments,  sometimes  partially  barren;  anthers  opening  longi- 
tudinally; ovary  single,  simple,  free,  with  1  ovule,  or  2  or  more 
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ovules  in  2  rows,  ascending ;  seeds  without  albumen ;  embryo 
straight ;  radicle  inferior. 


Affinities. — The  remarkable  habit  of  these  plants  is  a  striking  cha- 
racteristic ;  and,  besides  the  rigid  foliage,  we  have  the  valvate  perianth, 
with  the  stamens  opposite  the  lobes,  and  the  radicle  pointing  to  the  base 
of  the  ovary,  to  distinguish  this  Order  from  the  Thymelaceas  and  nearest 
Monochlamydeous  Orders.  The  structure  of  the  stomata  of  the  coriaceous 
leaves  is  very  curious,  and  presents  many  modifications. 

Distribution, — A  large  Order,  the  species  of  which  are  found  chiefly  at 
the  Cape  and  in  Australia. 

Qualities  and  Uses. — The  wood  is  perhaps  the  most  valuable  product 
of  these  plants,  being  largely  used  for  firewood  where  they  abound ;  some- 
times it  is  used  for  joinery  when  hardwood  is  required.  The  striking 
character  of  their  evergreen  foliage,  and  the  brilliant  colours  of  the  heads 
of  flowers,  render  them  very  great  favourites  in  cultivation,  and  the 
genera  above  cited  will  be  found  in  most  large  collections  of  greenhouse 
shrubs.    Macadamia  ternifolia  furnishes  an  edible  fruit. 

(Pen^aceje  are  a  small  Order  of  Cape  evergreen  shrubs,  related  to 
Proteacese,  but  having  a  4-celled  ovary,  4  stigmas,  and  a  4-celled  de- 
hiscent or  indehiscent  capsule.  The  drug  called  Sarcocol  has  been 
supposed  to  be  derived  from  some  of  these  plants ;  but  this  is  doubtful. 
Genera :  Penan,  L. ;  Sarcocotta,  Kth. ;  Geissoloma,  Lindl.) 

(Empetrace^  are  low  shrubby  evergreens,  with  the  foliage  and  aspect 
of  Heaths ;  the  flowers  are  small,  diclinous ;  the  perianth  consists  of  4-6 
persistent  hypogynous  scales,  the  innermost  sometimes  petaloid ;  stamens 
2-3,  alternate  with  the  inner  scales ;  ovary  free,  on  a  disk,  2-9-celled ; 
ovules  solitary ;  fruit  fleshy,  with  2-9  nuts ;  seeds  1  in  each  nut,  ascend- 
ing, albuminous ;  radicle  inferior.  These  plants  have  the  appearance  of 
Ericacese,  the  fruit  even  being  like  that  ot  Vacciniea,  while  the  stigmas 
and  the  general  structure  of  the  flowers  are  Euphorbiaceous ;  but  from 
the  Euphorbiacere  they  differ  iu  the  ascending  seed  and  inferior  radicle. 
They  are  mostly  natives  of  Northern  Em-ope  and  North  America.  The 
leaves  and  fruit  are  slightly  acid  and  agreeable ;  the  berries  of  Empetrum 
nigrum,  the  Crow-berry,  are  eaten ;  the  Greeulanders  prepare  a  fermented 
liquor  from  them.  The  Portuguese  use  the  berries  ot  a  Corona.  Genus 
Empetrum?) 


(Batis  maritima,  a  succulent  shrub,  found  in  the  salt-marshes  of  the 
West  Indies,  is  sometimes  made  the  type  of  an  Order,  but  is  regarded  by 
Lindley  as  very  close  to  Empetraceee.  Others  place  it  near  to  lamaris- 
cineaj.   It  is  sometimes  used  in  West-India  pickles). 


Illustrative  Genera. 


Protea,  L. 
Grevillea,  S.  Br. 


Hakea,  Schrad. 
Banksia,  L.fil. 
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Order  CXXIV.  EUPHORBIACEiE.    The  Spurge  Order. 

Class.  TricocciB,  Endl.    All.  Euphorbiales,  Lined.    Coh.  Euphorbiales, 

Benth.  et  Hook. 

483.  Diagnosis. — Herbs,  shrubs,  or  trees,  mostly  with  a  milky- 
acrid  juice,  and  various,  usually  monoecious  or  dioecious  flowers ;  the 
fruit  of  2-3  or  several  1-2-seeded  carpels,  united  round  a  central 
column,  separating  when  ripe  (carpel  rarely  solitary). 

Character. 

Flowers  diclinous,  axillary  or  terminal,  sometimes  enclosed  in  a  cup- 
shaped  involucre. 

Calyx  inferior,  with  internal  glandular  or  scaly  appendages,  some- 
times wanting. 

Corolla,  of  petals  or  scales  as  many  as  the  sepals,  or  wanting. 
Stamens  definite  or  indefinite,  distinct  or  monadelphous ;  antliers 

2-celled,  sometimes  opening  by  pores. 
Ovary  free,  sessile  or  stalked,  1-,  2-,  3-,  or  many-celled ;  styles  as  many 

as  the  cells,  distinct  or  combined,  or  wanting ;  stigmas  combined 

or  separate  and  bifid ;  ovules  1  or  2,  suspended  from  the  inner 

angle  of  each  cell. 
Fruit  dry,  the  carpels  splitting  and  separating  elastically  from  the 

axis,  or  succulent  and  indehiscent ;  seeds  suspended,  1  or  2  in 

each  cell,  often  with  an  arillus  ;  embryo  in  fleshy  albumen ;  radicle 

superior. 

Illustrative  Geneba. 


Hura,  L. 
Hippomane,  L. 
Ccelebogyne,  J.  Sm. 
Mercurialis,  L. 
Acalypha,  L. 


Jatropba,  Kth. 
Ricinus,  Tournef. 
Rottlera,  Roxb. 
Croton,  L. 


Euphorbia,  L. 
Cluytia,  Ait. 
Xylophylla,  L. 
Phyllanthus,  L. 


Affinities. — As  the  more  familiar  forms  of  this  Order  are  either  apeta- 
lous,  or  even  destitute  of  a  calyx,  it  is  usually  arranged  among  the  Mo- 
nochlamydeae  in  elementary  works ;  but  a  large  proportion  of  the  exotic 
genera  have  the  corolla  represented  either  by  scales  or  petals.  The 
common  Spurges  {Eiqjhorbia),  the  principal  native  representatives  of  the 
Order,  have  a  very  remarkable  inflorescence,  liable  to  be  mistaken  for  a 
simple  flower ;  there  is  a  cup-like  involucre,  within  which  are  formed  a 
number  of  stamens  with  an  articulation  in  the  filament,  together  with  a 
stalked  tncarpellary  ovary  (fig.  407).  The  stamens  each  represent  a  male 
flower  reduced  to  its  lowest  term ;  for  a  minute  bract  exists  at  the  base 
of  each  filament,  and  in  some  species  a  perianth  occurs  at  the  articula- 
tion, which  is,  in  fact,  the  base  of  the  flower ;  the  ovary  in  like  manner 
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represents  a  female  flower.  This  is  well  illustrated  by  the  exotic  genus 
Monotaxis  (fig.  408),  where  the  cup-like  involucre  is  replaced  by  scales, 
and,  instead  of  the  jointed  filaments,  we  find  several  stalked  male  flowers, 
with  perianth  and  stamens,  surrounding  one  female  flower. 

Fig.  407.  Fig.  408. 


Fig.  407.  a,  Vertical  section  of  the  involucre  of  Euphorbia  Lathyris,  containing  one  stalked 
pistillate  flower  and  six  monandrous  staminate  flowers;  6,  ft,  staminate  flowers  of 
other  species  of  Euphorbia,  the  left-hand  without  a  perianth,  the  right  with  a  small 
perianth  at  the  base  of  the  stamen. 

Fig.  40S.  Monotaxis  tridentata :  a,  involucre,  with  one  pistillate  and  Beveral  staminate  flowers ; 
6,  a  separate  staminate,  c,  a  separate  pistillate  flower. 

Three  is  the  ordinary  number  of  carpels ;  but  Mercurialis  has  but  two, 
and  some  exotic  genera  but  one  ;  on  the  other  hand,  9  or  even  15  (Hnra) 
are  occasionally  present.  The  fruit  is  usually  dry  and  dehiscent,  but  in 
Sarcococca  succident.  Considerable  variety  of  habit  occurs ;  some  of  the 
foreign  Ewphorhice  have  fleshy,  spiny  stems,  somewhat  resembling  those 
of  the  Cactacese,  Xylophylla  and  Phylhmihus  having  leaf-like  flowering 
branches;  and  a  number  of  large  tropical  trees  belong  to  this  Order. 

Were  it  not  for  the  diclinous  structure,  these  plants  would  approach 
very  closely  to  Malvaceae  and  their  allies,  the  composition  of  the  ovary 
being  analogous,  and  the  stamens  often  monadelphous ;  Aleurites,  Jatropha, 
and  other  genera  having  a  corolla  much  resemble  Malvaceae ;  and  there  is 
a  further  affinity  to  Ehamnacefe.  On  the  other  hand,  looking  to  their 
diclinous  character  and  frequently  incomplete  flowers,  they  approach  the 
Urticaceffi,  from  which  they  are,  as  a  whole,  distinguished  by  their  com- 
pound ovaries  :  such  genera  as  Eremocmpus,  having  but  1  carpel,  connect 
the  two  groups.  Some  of  the  genera  have  stinging  hairs  like  Urticacese 
(Jatrojiha). 

Distribution. — A  very  large  Order,  generally  diffused  over  the  globe ; 
especially  abundant  in  Equinoctial  America. 

Qualities  and  Uses. — These  plants  mostly  produce  a  lactescent  juice, 
which  contains  caoutchouc;  the  watery  part  of  this  sap  is  generally  more 
or  less  acrid,  purgative,  emetic,  or  powerfully  poisonous,  from  the  presence 
of  a  principle  dissipated  by  heat;  starch  abounds  in  the  roots  of  some 
kinds,  while  oil  of  a  purgative  character  is  common  in  the  seeds;  the  bark 
of  some  of  the  trees  has  tonic  properties ;  the  wood  of  several  is  very 
valuable  for  its  hard, close  texture;  and  several  of  the  plants  furnish  dyes. 
The  lactescent  juice  of  Siphonia  eladica  is  the  source  of  the  "  bottle  " 
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Caoutchouc  of  Brazil  and  Guiana;  Aleurites  laccifera  yields  Gum  lac  in 
Ceylon ;  Euphorbia  antiquorum  and  E.  canadensis  are  believed  to  yield 
the  gum-resin  called  Euphorbium.  The  common  Spurges  (Euphorbia) 
have  purgative  properties;  the  root  of  E.  Ipecacuanha  is  used  as  an 
emetic  in  North  America ;  and  the  species  of  Mercurialis  have  similar 
properties,  especially  M.  perennis,  which  is  unsafe  to  use,  since  it  produces 
violent  purging,  and  even  sometimes  convulsions  and  death.  The  most 
deadly  member  of  the  Order  seems  to  be  the  Manchineel  (Hippomane 
Mancinella),  a  Panama  plant,  the  juice  of  which  is  so  acrid  as  to  cause 
ulceration  when  dropped  on  the  skin,  and  its  apple-like  fruit  has  a  vesi- 
cating juice  ;  the  juice  of  E.vccecaria  Agallochum  and  Hura  crepitans  has 
similar  properties. 

The  oily  seeds  are  mostly  purgative :  Croton  oil  is  expressed  from  those 
of  Croton  Tiglium  and  Pavana  (East  Indies)  ;  Castor-oil  from  those  of 
JRieinus  communis,  in  which  the  purgative  property  is  found  to  reside  in 
the  embryo,  not  in  the  albumen ;  the  seeds  of  Hura  crepitans  and  Curcas 
(Jatropha)  pnrgans,  the  "  Purging-nut,"  are  violent  cathartics,  and  those 
of  Euphorbia  Lathyris  are  sometimes  employed  in  the  same  way.  The 
solid  oil  obtained  from  the  seeds  of  Stillingia  sebifera,  the  Tallow-tree,  is 
used  for  making  candles  in  China.  Cascarilla  bark,  with  tonic  properties, 
is  obtained  from  Croton  Eleuteria  (Bahamas)  ;  C.  pseuda-quina  and  other 
species  have  similar  qualities.  Oldjieldia  africana  is  the  African  Teak- 
tree.  Crozophora  tinctoria  furnishes  the  dye  called  Turnsole ;  Rottlera 
tinctoria  (East  Indies)  a  scarlet  dye. 

The  pure  starch  obtained  by  grating  and  washing  the  roots  of  Jatropha 
Manihot  (Manihot  utilissima)  forms,  under  the  name  of  Mandioc  or  Cas- 
sava, a  most  important  article  of  food  in  South  America ;  the  finer  par- 
ticles of  starch,  softened  by  heat,  and  afterwards  granulated,  constitute 
Tapioca.  The  washing  removes  a  narcotic  poisonous  matter  which  exists 
in  the  sap :  the  Indians  dissipate  this  principle  by  heat,  simply  roasting 
the  roots.  It  is  a  shrub  about  8  feet  high,  with  a  large  root,  sometimes 
weighing  30  lbs.,  and  is  cultivated  all  over  the  tropics,  but  especially  in 
America. 

(Buxacee  constitute  a  very  small  Order,  formerly  included  among 
Euphorbiacese,  but  differing  in  the  absence  of  milky  juice,  in  the  loculi- 
cidal  capsules,  ovules  pendulous  from  the  inner  angle  of  the  cells  of  the 
ovary,  micropyle  superior  and  internal.  The  leaves  of  the  common  Box 
(Buxus)  are  purgative ;  the  wood  is  specially  used  for  engraving  and  for 
turners'  purposes). 

(Daphniphyllaceje  are  constituted  by  Miiller,  of  Argau,  a  distinct 
group,  differing  from  the  two  preceding  in  their  small  embryo,  concealed 
in  albumen). 

(ScEPACEiE  are  a  small  group  of  East- Indian  plants,  allied  to  Euphor- 
biacea),  but  having  the  flowers  in  catkins,  thus  forming  a  transition  to 
Wall0)^111^6™        Betulace£;e-    Genera :  Scepa,  Lindl. ;  Lepidostachys, 
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Order  CXXV.  UETICACEiE.    The  Nettle  Order. 

Class.  Julinorse,  Midi.    All.  Urticales,  IAndl.    Coh.  Urticales,  Bentli. 

et  Hook. 

484.  Diagnosis. — Herbs,  shrubs,  or  trees  with  stipules  and  mon- 
oecious or  dioecious  or,  rarely,  polygamous  flowers ;  perianth  regular, 
free  from  the  1-celled  (rarely  2-celled)  ovary;  stamens  equal  in 
number  to  the  lobes  of  the  perianth,  and  opposite  to  them,  or  some- 
times fewer,  uncoiling  elastically ;  embryo  straight  in  the  albumen 
when  this  is  present,  the  radicle  pointing  upwards. 

This  Order  is  divided  into  the  following  tribes  : — 

1.  Urere^i.  Leaves  with  stinging-hairs  ;  leaves  opposite,  or  if 
alternate  arranged  spirally;  perianth  of  female  flower  4-parted, 
rarely  tubular,  always  free. 

2.  PROCREDEiE.  Leaves  without  stinging-hairs ;  leaves  opposite, 
or  if  alternate  distichous  ;  perianth  of  female  flower  free,  3-5-parted ; 
stigma  brush-like. 

3.  Bcehmerie^;.    Plants  without  stinging-hairs  ;  leaves  alternate 
or  opposite  ;  perianth  of  female  flower  free  or  adnate  to  the  ovary,  ' 
frequently  tubular,  rarely  very  short. 

4.  Pakietarie^:.  Plants  without  stinging-hairs ;  leaves  alter- 
nate ;  flowers  dioecious  or  polygamous ;  perianth  of  female  flower 
tubular,  free.    Inflorescence  bracteate. 

5.  PoRSKOHEEEiE.  Plants  without  hairs  or  with  hardened  hairs ; 
leaves  alternate  or  opposite ;  flowers  diclinous,  involucrate ;  perianth 
of  female  flower  tubular  or  wanting. 


UBEREiE. 

Urtica. 
TJrera. 
Pbociiide^:. 
Pilea. 


Illustrative  Geneba. 

bcehmebxeje. 
Bcekrneria. 

PAUIETAUIEiE. 

Parietaria. 


FortSKOHLTEiE. 

Forskbklia. 


Affinities  This  Order  is  nearly  related  to  the  Malvacere  and  Euphor- 

biacerc  on  the  one  hand,  and  to  the  anientiferous  Orders .on  the  other; 
diflerin"-  from  the  former  in  the  simple  ovary,  from  the  latter  m  the  usual 
presence  of  albumen  in  the  seeds,  and  in  the  flowers  not  being  arranged  m 
catkins.  There  is  a  further  relation  to  the  Chenopodiaceie,  which,  how- 
ever, besides  the  circumstance  that  they  are  only  occasionally  diclinous, 
have  the  embryo  curved  round  the  outside  of  the  albumen. 

Distribution.— The  Urticea  are  generally  diffused,  but  are  much  more 
abundant  in  the  intertropical  regions  than  elsewhere. 


INCOMrLETiE. 


351 


Qualities  and  Uses.— Edible  fruits  and  valuable  fibres  are  the  principal 
products  of  this  Order.  „       .        .,  „        ,  „ 

Bcchmeria  (  Urtica)  nivea  furnishes  the  fibre  for  Chinese  <  Grass-cloth 
or  Ramee  ;  B.  Puya  yields  another  valuable  fibre  ;  and  the  fibre  ot  the 
Stinging-Nettle  ( Urtica  c&otca)  was  formerly  used ;  U.  tenacissima  furnishes 
cordage  in  Sumatra. 

(CANNABiNACEiE  constitute  a  small  group  often  in-  Fis.  409. 
eluded  under  Urticacete,  but  differing  in  their  stamens 
not  being  elastic,  their  elongated,  not  rounded,  anthers,  and 
in  their  curved  exalbuminous  embryo  (fig.  409).  Cannabis 
sativa  furnishes  the  hemp  of  commerce,  which  consists  of 
the  woody  fibres  of  the  plant  separated  by  maceration. 
C.  indiea  yields  a  narcotic  resinous  product  known  as 
Indian  hemp.  Ilumidus  Lupidus,  the  Hop,  is  well  known  Fig.  409.  Seed  of 
for  its  aromatic  hitter  properties.)  Xumui™  opened. 


Order  CXXVI.  AETOCARPACEtE. 


Class.  Juliflorae,  Endl.    All.  Urticales,  Lindl.    Coh.  Urticales?,  Benth. 

et  Hook. 


485.  Diagnosis. — Trees  or  shrubs,  or  rarely  herbs,  with  milky  juice ; 
leaves  alternate,  usually  provided  with  convolute  deciduous  stipules; 
flowers  diclinous,  males  in  catkins,  females  in  heads  or  flat  receptacles ; 
perianth  3^1-parted  or  none;  stamens  not  elastic;  ovary  1 -celled;  ovule 
solitary ;  albumen  fleshy,  or  none  ;  embryo  straight  or  curved ;  radicle 
superior.    Illustrative  genera :  Artocarpus,  Fiats,  Morus. 

Affinities. — The  main  difference  between  this  group  and  the  Urticaceae 
lies  in  the  milky  juice  and  general  habit.  The  inflorescence  and  fruit  of 
these  plants  are  curious :  in  Dorstenia  the  flowers  are  imbedded  in  the 
top  of  a  tabular  fleshy  peduncle  (fig.  153)  ;  in  Ficus  enclosed  in  an  exca- 
vated fleshy  peduncle  (tig.  152) ;  in  Morus  the  female  flowers  are  deve- 
loped in  a  sort  of  capitulum,  and  subsequently  coalesce  into  a  compound 
fleshy  fruit,  resembling  a  blackberry  (fig.  306),  but  each  "pip  "  is  formed 
from  a  distinct  ovary ;  in  Artocarpus  the  numerous  flowers  are  crowded 
on  a  globular  fleshy  peduncle,  which  enlarges  into  a  large  fleshy  fruit, 
sometimes  weighing  30  lbs.  Ficus  indica  (the  Banyan  tree)  is  remarkable 
for  sending  down  numerous  roots  from  its  branches,  which  strike  into  the 
earth  and  convert  the  tree  into  a  kind  of  grove. 

Distribution. — The  Artocarpace.ns  constitute  a  large  group,  whose 
members  are  almost  exclusively  tropical  and  subtropical. 

Qualities  and  Uses. — Most  of  these  plants  have  a  niilky  juice,  con- 
taining more  or  less  of  an  acrid  poisonous  principle  and  of  caoutchouc. 
'Bromsonebia  papyri/era  is  the  Paper-Mulberry  tree,  the  inner  bark  of 
which  is  used  for  making  paper  &c.  in  China  and  the  South-Sea  Islands. 
Antiaris  saccidora  has  a  fibrous  bark,  used  lor  cordage  and  matting,  also 
Cecropia  peltata,  Brosimum,  &c.  Caoutchouc  is  largely  obtained  from 
Ficus  elastica  and  other  species ;  a  milky  juice,  of  very  nutritious  cha- 
racter, is  obtained  from  the  Cow-tree  of  South  America,  Brosimum  utile. 
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The  renowned  Upas-tree  of  Java  is  a  large  tree,  Antiaris  toxicaria,  which 
has  a  very  poisonous  juice,  and  it  is  stated  that  linen  made  from  its 
fibres,  if  badly  prepared,  produces  great  irritation  of  the  skin. 

The  fruit  of  Madura  aurantiaca,  the  Osajje  Orange,  has  an  orange- 
coloured  pulp,  used  by  the  North-American  Indians  to  stain  their  skTn  ; 
the  wood  of  M.  tinctoria  is  used  by  dyers  under  the  name  of  Fustic. 
Morns  alba,  the  White  Mulberry,  is  largely  cultivated  in  Italy  and  the 
East  for  feeding  silkworms. 

Dorstenia  Contrayerva  was  formerly  esteemed  as  a  tonic  and  diaphoretic. 
The  wood  of  Ficus  Sycomorus,  the  Sycamore-fig,  is  very  durable,  and  is 
supposed  to  have  been  used  for  mummy-cases.  The  seeds  of  the  plants  of 
this  Order  are  generally  wholesome  and  nutritious. 

(STrLAGiNACEJE  constitute  an  Order  of  trees  or  shrubs,  with  alternate, 
simple,  leathery  leaves  and  deciduous  stipules ;  flowers  diclinous,  spiked, 
with  a  single  2-,  3-,  or  5-parted  perianth ;  stamens  2  or  more  on  a  tumid 
receptacle ;  anthers  2-lobed,  dehiscing  at  the  apex  ;  ovary  free,  1-2-celled, 
each  cell  with  a  pair  of  suspended  ovules;  seed  albuminous;  embryo 
straight ;  radicle  superior.  These  plants,  natives  of  Madagascar  and  the 
East  Indies,  are  nearly  allied  to  Urticece,  differing  chiefly  in  the  pulvinate 
disk,  inelastic  stamens,  and  anthers  bursting  at  the  apex.  The  dru- 
paceous fruits  of  Antidesma  pubescens  and  Stilago  Bunias  are  subacid  and 
agreeable.) 

(Phytocrenace-s:  are  an  Order  with  somewhat  obscure  relations,  con- 
sisting of  a  few  East-Indian  climbing  shrubs  with  a  curiously  organized 
wood.  They  have  diclinous  flowers ;  but  the  rudiments  of  the  abortive 
sexual  organs  exist  in  the  flowers  of  both  kinds,  and  the  flowers  have 
both  calyx  and  corolla.  They  are  sometimes  included  among  the  Arto- 
carpece,  but  have  seeds  with  abundant  albumen.  Genera:  Phytocrene, 
Wall. ;  lodes,  Blume,  &c.) 


Order  CXXVII.  ULMACEiE.    The  Elm  Order. 


Class.  Juliflorse,  Endl.    All.  Ehamnales,  Lindl.    Coh.  Urticales, 
Benth.  et  Hook. 

Fiff.  411. 


486.  Diagnosis. — Trees  with  watery 
juice,  alternate  leaves,  stipules,  perfect  or 
monceciously  polygamous  flowers ;  peri- 
anth free,  membranous,  campanulate  or 
irregular  (fig.  410) ;  stamens  definite ; 
filaments  straight  or  moderately  incurved 
in  the  bud ;  ovary  free,  1-2-celied ;  styles 
or  stigmas  2 ;  fruit  a  single  samara 
(fig.  411)  or  a  drupe ;  seed  suspended, 
with  little  or  no  albumen ;  radicle  su- 
perior. 


Fig.  410. 


Fig.  410.  Flower  of  TJlmut. 
Fig.  411.  Fruit  of  Ulmut. 


INCOMPLETE. 
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Illustbative  Geneba. 
Tribe  1.  Celtejb.    Ovary  1-ceUed.    Tribe  2.  Ulmeje.    Ovary  2-celled. 
Celtis,  Tournef.  Planera,  Grnel 

Mertensia,  IT.  B.  K.  Ulmus,  L. 

Affinities,  &o .— Tbese  plants,  chiefly  natives  of  northern  countries,  are 
very  closely  related  to  the  Artocarpece  and  other  Urticaceas,  scarcely  distin- 
guished by  any  general  character  except  the  polygamous  structure  of  the 
flowers.  They  are  timber-trees  with  bitter  astringent  bark ;  Ulmus  cam- 
pestris  is  tbe  common  Elm-tree,  U.  montana  the  Scotch  or  Wych  Elm. 
Celtis  australis,  called  the  Nettle-tree,  has  a  drupaceous  fruit  of  astringent 
quality. 


Order  CXXVIII.  PLATANACE^E.    The  Plane  Order. 

Class.  Julifloras,  Midi.    All.  Urticales,  Lindl.    Coh.  Urticales  ?, 
Benth.  et  BZooh. 

487.  Diagnosis. — Trees  with  watery  juice,  alternate  palmately  lobed 
leaves,  sheathing  stipules,  and  monoecious  flowers  in  separate  and  naked 
globular  heads,  destitute  of  calyx  or  corolla ;  the  fruits  consisting  of  heads 
of  clavate  1-seeded  nucules  furnished  with  a  bristly  down  along  the  base ; 
seeds  solitary,  rarely  2,  pendulous ;  embryo  in  very  thin  albumen ;  radicle 
inferior. 

Illustbative  Genus. 
Platanus,  L. 

Affinities,  &c. — The  Plane-trees,  natives  of  North  America  and  the 
Levant,  naturalized  in  our  parks  and  squares,  are  chiefly  remarkable  for 
the  beauty  of  the  form  and  foliage.  The  structure  of  the  inflorescence  is 
amentaceous  as  regards  arrangement  and  the  absence  of  envelopes ;  but 
the  ovaries  are  like  those  of  Artocarpem,  from  which  they  are  divided 
chiefly  by  the  achlamydeous  flowers,  the  inferior  radicle,  and  the  presence 
of  albumen  in  the  seed. 


Order  CXXIX.  JUGL  AND  ACEiE .    The  Walnut  Order. 
Class.  Terebinthinse,  Endl.    All.  Quernales,  Lindl. 

488.  Diagnosis. — Trees  with  alternate  pinnate  leaves,  without  stipules ; 
the  sterile  flowers  in  catkins,  with  an  irregular  perianth ;  the  fertile  soli- 
tary, or  in  small  clusters,  with  a  regular  3-5-lobed  perianth  adhering  to 
the  incompletely  2-4-celled  ova.ry,  with  only  1  erect  ovule.  Fruit  con- 
sisting of  a  dehiscent  husk  enclosing  a  woody  shell,  containing  a  large 
_-4-lobcd  orthotropous  exalbuminous  seed:  cotyledons  oilv,  sinuous- 
radicle  short,  superior.  ' 

Illustrative  Geneba. 


Juglans,  L.  |  Oarya,  Nittt. 
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Affinities,  &c— ■  A  small  but  well-marked  <>Toup,  nearly  related  to  Cupu- 
liferre,  but  differing  in  the  solitary  ovule  and  in  the  absence  of  a  cupule. 
From  the  resinous  juices  and  pinnate  leaves,  they  have  been  regarded  as 
allied  to  Terebinthaceas ;  but  the  latter  have  petals,  a  free  ovary,  and  curved 
ovule.  The  Walnut  (Juglam  regia)  is  a  well-known  example  of  the  Order. 
The  wood  of  this,  as  well  as  of  J.  nigra,  is  valued  by  carpenters.  The 
nuts  of  J.  cinerea  are  called  Butter-nuts  in  Canada.  Carya  alba,  the 
Hickory  of  North  America,  has  tough,  elastic  wood  and  an  edible  nut,  as 
also  has  C.  olivcpformis. 

Order  CXXX.  CUPULIFEILE.    The  Oak  Order. 


4 


Class.  Juliflorse,  Endl. 


All.  Quemales,  Lindl. 
Benth.  et  Hook. 


Coh.  Amentales. 


489.  Diagnosis. — Trees  or  shrubs  with  alternate  simple  feather- 
veined  leaves,  and  deciduous  stipules  Imonoecious  flowers,  the  barren 
in  catkins,  or  clustered;  the  fertile  solitary  or  clustered  and  furnished 
with  an  involucre  which  forms  a  cup  or  covering  to  the  flowers— 
(fig.  413)  ;  iS..  stamens  5-20,  inserted  at  the  base  of  scales  or  of  a 
membranous  perianth ;.  $  ovary  crowned  by  the  rudimentary  teeth 
of  an  adherentcjlyxy^  or  more-celled  (fig.  412)  ;  stiornns,  pearly 
sessile-?- evrrielTsolitary ,  or  2  in  a  cell ;  fruit  a  1 -celled,  woody  nut, 
more  or  less  enveloped  by  the  involucre  (cupule),  containing  1  or  2 
^eds  (the  rest  being  abortive),  destitute  of  albumen  ;  cotyledons  large  $ 
and  fleshy ;  radicle  minute,  superior. 

Fig.  412.  Fitr.  413. 


} 


,wer:  b.  cross.  seoti&Q^ 
Fig.  413.  Opened  involucre,  with  two  flowers  ol  CiM/unea. 

At,*-"4*'1 

Illustrative  Geneba.  fvN> 


\J  ,/Carpinus,  L. 
Corylus,  L. 


yQuercus,  L. 
Ostrya,  Scop. 


✓V/Fagus,  L. 
yTCastanea,  Qeertn. 

At.  ^_KelatedtotheUrticacX^di^ 
celled  ovary  and  in  the  character  of  the  fruits  and  seeds.  From  Wacw 
and  Salicacere,  to  which  they  are  closely  allied,  they  are  separated  by  the 
inferior  position  of  the  ovarv.    Some  authors  separate  the  Corylaceue 


INC051PLETJE. 


nd  of  the 


from  Cupulifene  by  reason  of  the  achlarnydeous  male  flowers 
leafy  cupule  of  the  female  flowers  of  the  former. 

Distribution.  — -A  large  group,  the  members  of  which  are  for  the  most 
part  natives  of  forests  of  temperate  climates. 

Quaiitie^and  Uses.— Timber-trees  of  great  imporjaagfci  some  also  having 
edible  fruiSs5BKimrk  and  other  parts  morti^^lj^raStongent.  Quercus, 


7t<>lrfBr)j0i  Oak,  of  which  there 
ast,  aujjjl^  peduncidata.    Q.  Suber 
e  rough^Brpules,  extensively  used  by 
Q.  qj&fera  is  the  Kernies  Oak  ;  Q. 
uigptils  are  produced  by  the  attack 
'ex  J&jfle  PIofirTOak,  or  Evergreen  Oak 
and  effi^necies  of  Quercus  exist,  some 
"     '      '-■■'i{iOTfct_  tue  Filbert,  or  Hazel ; 

C.  americana  produces  a  smaller 


a  very  extelS&gjgeli^js.  includes  Q 
are  two  varieTSu^pQ^W^ora,  Du 
furnishes  eorlc;^.  .'EfmksJu^L  la, 

dyers  under  th<F 
tinctoria  furnishes  i 
of  an  insect  on  Q.  ify 
of  our  shrubberies, 
of  which  have  ed 
Castanea  vescctf\tl_ 

nut ;  Fctffus  'syloatica,  the  common  Beach,  has Ja  valuable  hard  wood, 
as  also  Carpinits  Betulus,  the  Hornbeam:  aad^Ojf^a  virginica  is  called 
Iron-wooff  in  JSI  o'rth  America.  Oil  is  dbtairfed  lof  pressure  from  the  seeds 
of  the  Beech  and  the  Hazel ;  the  Nut-oil  of  the  latter  is  largely  used  by 
painters. 

(Mybicace^;  constitute  a  small  Order  of  shrubs  with  resinous-dotted 
often  fragrant  leaves ;  monoecious  or  dioecious  achlarnydeous  flowers,  both 
kinds  in  short  scaly  catkins  ;  stamens  2-16 ;  ovary  1-celled,  with  1  erect 
ovule;  fruit  drupaceous;  embryo  without  albumen;  radicle  superior. 
They  differ  from  the  other  amentiferous  Orders  in  the  simple  and  free 
ovary  ;  they  are  also  related  to  Urticacese,  but  differ  in  the  amentaceous 
inflorescence  and  in  the  structure  of  the  seed.  They  have  many  points 
in  common  with  Juglandacese,  but  differ  in  their  achlarnydeous  flowers 
and  superior  ovary.  They  are  aromatic  shrubs  or  trees,  with  tonic  and 
astringent  properties;  and  wax,  resin,  and  oil  are  obtained  from  them. 
Myrica  Gale,  the  Bog-Myrtle,  or  Dutch  Myrtle,  yields  an  aromatic  oil 
and  secretes  wax ;  M.  cerifera,  the  Wax-Myrtle,  secretes  a  green  wax  ; 
C  'omptonia  aspleniifolia  is  used  in  cases  of  diarrhoea  in  North  America.  The 
fruit  of  Myrica  sapida  is  eaten  in  Nepal.    Genera:  Myrica,  Comptonia.) 


Order  CXXXI.  BETULACE^E.    The  Birch  Order.  ^ 

Class.  Juliflorae,  Endl.    All.  Amentales,  Lindl.    Coh.  Amentales, 
Benth.  et  Hook. 

490.  Diagnosis. — Trees  or  shrubs;  monoecious,  with  both  kinds  of 
flowers  in  scaly  catkins,  2  or  3  under  each  bract  (scales  of  the  flowers 
whorled  in  Alnus) ;  ovary  2-celled,  2-ovuled,  ripening  into  a  dry,  1-celled, 
1-seeded,  often  winged  nut,  without  a  cupule ;  seed  pendulous,  exalbu- 
mmous ;  radicle  superior. 

Illustrative  Genera. 
Betula,  L.  |  Alnus,  L. 


Affinities,  &c— This  small  Order  is  distinguished  from  CupiUiferte  and 


356 


SYSTEMATIC  BOTANY. 


Juglandaccto  by  the  freo  ovary,  and  the  regular  occurrence  of  2  carpels  in 
the  ovary,  one  cell,  however,  being  usually  obliterated  in  the  fruit  From 
balicace;e  they  diner  in  the  2  cells,  and  by  the  solitary  ovule  in  each  cell 
These  plants  belong  clnelly  to  temperate  and  cold  climates;  Betula  nana 
and  Alnus  mcana  form  dwarf  shrubs  further  nortli  than  any  other  woodv 
plants,  except  some  Willows.  The  bark  is  regarded  as  tonic  and  astrin- 
gent and  an  empyreumatic  oil  is  obtained  from  that  of  the  common 
Birches  Betula  alba  and  glutmosa,  which  gives  the  peculiar  odour  to 
Russia  leather.  The  bark  of  B.  papyracea  is  used  for  making  baskets 
and  many  other  articles  in  North  America.  /The  sap  of  B.  alba,  nigra, 
and  lenta  yields  sugar  at  certain  seasons.  Mius  glutinosa  is  the  common 
Alder ;  its  wood  is  esteemed  for  work  to  rerhl  iri  under  water,  and  for  the 
manufacture  of  charcoal;  the  leaves  and  female  catkins  are  sometimes 
used  by  dyers.  ■  - 


¥ 


Order  CXXXII.  SALICACE^l.    The  Willow  Order. 


Class.  Juliflora,  Endl. 


All.  Amentales,  Lindl. 
Benth.  et  Hook. 


491.  Diagnosis. — Dioecious  trees  or  shrubs, 
with  both  kinds  of  flowers  in  catkins,  one 
under  each  bract,  entirely  destitute  of  enve- 
lopes, or  with  a  membranous  cup-like  peri- 
anth (fig.  414) ;  the  fruit  a  1-celled  and  2- 
valved  pod,  containing  numerous  seeds 
clothed  with  long  silky  down ;  no  albumen ; 
radicle  inferior. 


Coh.  Amentales, 
Fig.  414. 


$  male  and  $  female  flower 
of  Pop  ulus. 

Illustrative  Genera. 


Salix,  L. 


Populus,  L. 


Affinities,  &e. — This  amentiferous  Order,  consisting  of  but  two  genera, 
one  Of  which,  Salix,  is  rich  in  species,  is  at  once  distinguishable  Dy  the 
2-valved  fruit  having  numerous  seeds  clothed  with  silky  hairs.  "  The 
2-carpellary  ovary  and  the  inflorescence  connect  them  closest  with 
Betulacese.  The  Willows  {Salix)  and  Poplars  (Populm)  belong  to  tem- 
perate and  cold  climates.  Some  are  valuable  for  their  timber ;  the  young 
shoots  of  Willows  furnish  material  for  basket-work ;  and  the  bark  has 
usually  febrifuge  properties,  depending  on  the  presence  of  Salicine.  Popu- 
lus nigra  is  the  common  Black  Poplar,  of  which  the  Lombardy  Poplar 
appears  to  be  a  fastigiate  variety ;  P.  tremula  is  the  Aspen ;  P.  alba  is 
the  Abele,  or  White  Poplar.  Salix  babylonica  is  the  Weeping  Willow ; 
Sallows  and  Osiers  are  the  shoots  from  pollard  stumps  of  Salix  viminalis, 
vitellina,  &c. ;  Salix  alba  is  the  ordinary  Willow-tree  found  by  river-sides. 
Willow-wood  is  used  to  some  extent  in  turning,  on  account  of  its  white 
colour,  and  it  is  esteemed  for  making  charcoal. 
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Order  CXXXIII.  CASUARINACE^. 

Class.  Juliflora,  Endl.    All.  Anientales,  Lindl. 

492.  Diagnosis—  Pseudo-leafless  trees  with  pendulous,  jointed,  striated 
branches,  the  nodes  sometimes  with  short  toothed  sheaths  (whorls  oi 
leaves)  :  flowers  in  spikes,  achlamydeous,  diclinous ;  the  barren  flowers 
in  loose  spikes,  with  2  bracts  and  2  sepals,  the  latter  adhering  at  their 
points ;  stamen  1 ;  anther  2-celled ;  the  fertile  flowers  in  dense  spikes  or 
heads,  with  2  bracts;  ovary  1-celled,  with  1-2  ascending  ovules;  seeds 
exalbuminous,  with  a  superior  radicle. 

Illustrative  Genus. 
Casuarina,  L. 

Affinities,  &c. — A  small  group  consisting  of  trees  of  remarkable  aspect, 
the  branches  having  much  the  appearance  of  the  branched  Equiseta.  The 
jointed  stems  and  abortive  leaves  connect  them  also  with  Ephedra  among 
the  Gymnosperms,  to  which  they  approach  also  in  the  very  reduced  cha- 
racter of  the  flowers.  They  acquire  large  dimensions ;  and  the  wood  of 
their  trunks- becomes  veiy  solid  and  heavy.  The  greater  portion  of  them 
are  natives  of  Australia,  where  they  are  called  Beef-wood  trees,  from  the 
red  colour  of  the  timber. 

(Chloranthacee  constitute  a  small  Order,  having  the  following  cha- 
racteristics. Herbs  or  under-shrubs  with  jointed  stems  swollen  at  the 
nodes,  opposite  simple  leaves  with  sheathing  stalks  and  minute  inter- 
petiolar  stipules ;  flowers  in  terminal  spikes,  achlamydeous,  hermaphro- 
dite or  sometimes  diclinous,  with  a  scaly  bract ;  stamen  1,  or,  if  more, 
coherent  and  definite ;  ovary  1-celled,  1-seeded ;  seed  pendulous ;  embryo 
in  the  apex  of  fleshy  albumen ;  radicle  inferior ;  cotyledons  divaricate. 
Nearly  related  in  general  character  to  Piperacese,  but  differing  from  them 
and  from  Saururacese  in  the  absence  of  the  double  endosperm,  the  embryo 
being  without  the  "  amniotic  sac ; "  there  is  a  more  distant  relationship  to 
Urticacese,  and  perhaps  some  affinity  to  Loranthacese.  The  plants  are 
tropical,  commonly  have  fragrant  properties ;  and  the  roots  of  Chloranthas 
officinalis  and  brachystachys  are  esteemed  as  tonic,  febrifuge  medicines  in 
the  West  Indies.  The  species  of  Hcdyosmum  have  similar  properties. 
The  leaves  of  Chlwanthits  inconspicua  are  occasionally  used  to  flavour 
Tea.) 

Order  CXXXIV.  PIPEBACEtE.    The  Pepper  Order. 

Class.  Piperita;,  Endl.   All.  Piperales,  Lindl.    Coh.  Piperales,  Benih. 

et  Hook. 

493.  Diagnosis.— Shrubs  or  herbs  with  jointed  stems;  opposite, 
whorled,  or,  by  suppression,  alternate  leaves ;  stipules  absent,  in  pairs', 
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or  singly  opposed  to  the  alternate  leaves ;  flowers  Fig.  415. 
spiked,  hermaphrodite  or  dioecious,  achlamydcous,  in 
the  axil  of  a  bract,  with  which  they  are  sometimes 
confluent;  stamens  2  or  more;  anthers  1-2-celled; 
ovary  free,  simple,  1-celled,  with  a  single  erect  or- 
thotropous  ovule  ;  fruit  somewhat  fleshy ;  seed  erect, 
with  the  embryo  in  a  distinct  sac  (amnios)  at  the  top 
of  copious  albumen  (fig.  415) ;  radicle  superior.  Berf°K#r'eed 

Illustrative  Genera. 

Peperomia,  R.  8f  P.       Chavica,  Miq.  Piper,  L. 

Macropiper,  Miq.  Cubeba,  Miq.  Artanthe,  Miq. 

Affinities,  &c— The  stems  of  some  of  the  Piperacese  present  so  irregular 
a  form  of  arrangement  of  the  wood,  that  some  authors  have  regarded 
them  as  belonging  to  the  Monocotyledonous  class ;  but  this  structure  is 
not  exactly  that  of  the  Monocotyledons,  and  they  have  a  dicotyledonous 
embryo  and  reticulate-veined  articulated  leaves ;  they  may,  however, 
be  regarded  as  connecting  the  two  Classes  through  Aracere,  themselves 
somewhat  anomalous  forms  of  Monocotyledons.  The  chief  peculiarity  of 
the  wood  is  the  presence  of  woody  bundles  (sometimes  forming  a  complete 
ring)  in  the  pith.  Their  nearest  relations  are  Cklorantkaceas  and  Sauru- 
racese ;  but  they  differ  from  the  former  in  the  sac  of  the  embiyo,  the 
erect  seed,  and  the  alternate  leaves ;  from  the  latter  in  the  simple  ovary 
and  the  absence  of  stipules.  They  are  more  distantly  related  to  Urti- 
cacese. 

Distribution. — A  large  Order,  the  species  of  which  are  for  the  most  part 
tropical ;  most  abundant  in  the  hottest  parts  of  America  and  of  the  East- 
Indian  islands,  in  damp  situations. 

Qualities  and  Uses. — Pungent  and  aromatic,  more  or  less  astringent 
or  narcotic.  Black  Pepper  consists  of  the  dried  fruits  of  Piper  nigrum  ; 
White  Pepper  is  the  same,  with  the  fleshy  epicarp  removed  by  washing. 
Long  Pepper  consists  of  the  dried  spikes  of  Chavica  Roxburghii  (Piper 
longimi) ;  other  species  of  Chavica  are  used  in  India  and  Tropical  America, 
with  Artanthe  adimca,  &c.  The  leaves  of  Chavica  Beth  are  chewed,  mixed 
■with  slices  of  the  Betel  Nut  (Areca  oleracea)  and  lime,  by  the  Malays  and 
other  Indian  races.  The  ripe  fruits  of  Cubeba  officinalis,  canina,  Wal/ichii, 
&c.  form  Cubebs,  or  Cubebs  Pepper,  and  have  aromatic,  stimulant,  and 
purgative  properties ;  Artanthe  elongata  and  adunca  are  said  to^  have 
similar  virtues.  Macropiper  methysticum,  the  Ava  or  Kava  of  the  South- 
Sea  Islands,  has  powerful  narcotic  properties.  The  leaves,  or  powdered 
leaves  of  Artanthe  elongata  are  also  esteemed  as  a  styptic,  known  by  the 
name  of  Matico,  in  South  America  (other  plants  are  also  called  by  tins 
name,  such  as  Eupatorium  ghdinosum).  Most  of  the  plants  of  this  Order 
possess  some  of  the  above  properties,  more  or  less  powerfully  marked  ; 
Artanthe  crocata  yields  a  yellow  dye,  obtained  from  the  spikes  of  fruit. 

(SAUituriACEiE  constitute  a  small  group  of  aquatic  or  marsh  plants, 
of  North  America,  China,  and  North  India,  related  to  Piperacea-.  bul 
differing  in  the  compound  ovaries  and  stipulate  leaves  and  wood  destitute 
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of  bundles  in  the  pith.  They  are  more  or  less  acrid.  Scmrurus  cmiuus  is 
sometimes  used  in  medicine,  an  irritating  cataplasm  being  made  troni  the 
root.) 

(Ceratophyllaceje  are  aquatic  herbs  with  whorled,  finely  dissected 
leaves,  and  minute  axillary  and  sessile  monoecious  flowers,  without  floral 
envelopes,  but  with  an  8-12-cleft  involucre  in  place  of  a  calyx;  the  fertile 
flower  is  merely  a  simple  1-celled  ovary,  with  a  suspended  orthotropous 
ovule ;  the  seed  rilled  by  a  highly  developed  embryo  with  2  cotyledons  and  a 
conspicuous  plumule ;  radicle  very  short,  inferior.  The  genus  Cercdophyl- 
lum  of  which  some  authors  describe  6  species,  while  others  reduce  them 
to  1  constitutes  this  Order,  consisting  of  aquatic  plants  with  whorls  of 
leaves  and'having  almost  the  appearance  of  some  Confervoid.  The  relations 
of  Ceratqphyllum  are  obscure :  it  has  been  connected  with  the  Haloragacese 
from  its  resemblance  to  MyriophyUum,  while  Lindley  places  it  provisionally 
amono-  his  Urticales.  The  most  remarkable  point  is  the  structure  of  the 
seed  which  is  exalbuminous,  and  consists  principally  of  2  fleshy  cotyle- 
dons inside  which  stand  a  decussating  pair  of  leaves,  and  within  these, 
surrounded  by  withered  endosperm-cells,  is  the  plumule,  bearing  a  whorl 
of  leaves  separated  by  a  short  internode  from  the  second  pair.  In  the 
highly  developed  state  of  the  plumule  they  resemble  Nelumbium.  They 
are  found  in  ditches  &c.  throughout  the  northern  hemisphere,  and  they 
have  no  active  properties.) 

(CALLixniCHACEiE  are  small  aquatic  annuals,  with  opposite  entire 
leaves,  and  solitary  polygamous  axillary  flowers,  without  any  proper 
floral  envelopes ;  fruit  4-lobed,  4-celled,  4-seeded ;  seeds  peltate ;  embryo 
inverted  in  the  axis  of  fleshy  albumen ;  radicle  very  long,  superior.  This 
Order  consists  of  the  genus  Callitriclie,  comprehending  the  Starworts  of 
our  freshwater  pools,  of  which  6  species  occur  in  Europe  and  North 
America.  Their  flowers  are  so  simple  that  it  is  difficult  to  settle  their 
affinities.  Some  regard  them  as  related  to  Hippuris,  among  the  Halora- 
gaceas ;  but  they  appear  to  be  truly  achlauiydeous,  whence  others  consider 
them  allied  to  Euphorbiaceae,  from  which  they  differ  only  in  their  4- 
lobed  ovary  and  in  the  structure  of  the  seed.  They  have  no  known 
properties.) 

(Pod o STEMACEiE  are  aquatics,  growing  on  stones  in  fresh  running 
water,  with  much  the  aspect  of  Seaweeds  or  Mosses ;  the  minute  flowers 
bursting  from  a  spathe-like  involucre ;  perianth  0  or  of  3  sepals  ;  stamens 
1  or  many,  hypogynous ;  ovary  compound,  2-3-celled,  with  2-3  stigmas ; 
ovules  numerous  ;  fruit  a  many-seeded,  ribbed  capsule,  the  placentation 
of  which  is  axile  or  parietal ;  seeds  exalbuminous,  with  a  straight  embryo. 
This  is  a  group  of  very  curious  plants,  having  a  distinctly  Dicotyledonous 
embryo,  but  much  the  habit  of  the  Monocotyledonous  Naiadacese.  Lindley 
regards  them  as  related  to  Elatinaceaj,  or  possibly  to  Plantaginaceaj,  by 
way  ot  LittoreUa.  Hydrostachya  is  diclinous,  the  other  genera  perfect. 
In  some  of  the  genera  there  is  no  real  distinction  between  stem  and  leaf 
the  structure  being  analogous  to  a  thallus.  They  are  most  numerous  in 
South  America ;  some  occur  in  India ;  one  in  North  America.  Thev  have 
no  active  properties;  but  some  species  of  Lacis  are  used  for  food  on  the 
Rio  Negro  and  other  parts  of  South  America.) 
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Order  CXXXV.  BALANOPHORACEiE. 

Class.  Rhizanthese,  Endl.    Class.  Rhizogens,  Lindl.    Coh.  llliizanthales 

Benth.  et  Hook. 

494.  Diagnosis. — Eoot-parasitcs  with  amorphous  fungoid  stems 
destitute  of  leaves,  never  green,  with  fleshy  subterraneous  rhizomes 
or  tubers,  and  naked  or  scaly  peduncles  bearing  spikes  of  flowers ; 
flowers  mostly  unisexual ;  male  flowers  conspicuous,  with  a  tubular 
entire,  slit,  or  3-5-lobed  perianth,  valvate  in  the  hud  j  stamens 
usually  3-5,  more  or  less  connate,  or  distinct ;  female  flowers  very 
minute ;  perianth  with  the  tube  adherent,  and  mostly  without  a 
limb,  or  2-lipped  ;  ovary  inferior,  mostly  1-celled ;  styles  2  ;  ovule 
solitary,  pendulous  ;  fruit  a  small,  compressed,  1-seeded  nut ;  seed 
with  hard  granular  albumen  and  a  lateral  amorphous  embryo. 

Illustrative  Genera. 


Balanophora,  Forst. 
Cynomorium,  Michel. 


Sarcophyte,  Sparrm. 
Helosis;  Bich. 


Affinities,  &c. — The  peculiar  parasitic  habit  and  fungoid  texture  of  the 
plants  of  this  and  the  two  succeeding  Orders  have  induced  many  authors 
to  separate  them  from  all  other  Flowering  plants  as  a  distinct  class;  but 
the  grounds  of  this  separation  seem  untenable :  parasitism  occurs  in  plants 
of  the  most  varied  structure,  and  this  character  of  habit  is  not  even  of 
ordinal  value.  '  The  structure  of  the  stems  of  Balanopboracese  is  merely  a 
degraded  form  of  the  Dicotyledonous  type ;  and  the  flowers  are  in  like 
manner  provided  with  all  the  real  essentials  of  the  Phanerogamous  struc- 
ture, since  the  acotyledonous  embryos,  upon  which  stress  has  been  laid, 
occur  in  Orobanchacese,  Orchidacere,  and  various  other  Orders.  Dr. 
Hooker,  who  has  most  elaborately  investigated  this  Order,  regards  them 
as  having  affinity,  in  their  floral  structures,  to  the  Haloragacese,  where, 
as  in  Hippuris,  we  find  in  plants  not  parasitic  a  reduction  of  the  parts  of 
the  flowers  as  complete  as  that  in  Cynomorium,  They  are  closely  related 
to  Gunnera ;  but  differ  in  their  parasitic  habit,  absence  of  leaves,  &c. 

Many  of  the  plants  seem  to  have  styptic  qualities ;  Cynomorium  cocci- 
neum  was  formerly  highly  valued  by  surgeons  for  this  purpose,  under  the 
name  of  Fungus  mclitensis.  Some  have  very  disagreeable  odour,  others 
are  eaten  like  Mushrooms.  They  occur  on  the  roots  of  various  Dicoty- 
ledonous trees,  chiefly  on  the  mountains  of  tropical  countries,  especially 
the  Andes  and  the  Himalayas  ;  a  few  occur  at  the  Cape  and  other  parts 
of  Africa,  and  some  in  Australia.  Cynomorium  is  found  in  Malta,  North 
Africa,  the  Levant,  and  the  Canary  Islands. 

(CYTiNACEiE  are  root-parasites  of  fungoid  texture,  with  perfect  or 
monoecious  flowers,  solitary  and  sessile  or  clustered  at  the  end  of  a  scaly 
stem;  perianth  3-G-parted,  anthers  opening  by  slits;  ovary  a^aorj 
ovules  very  numerous,  growing  over  parietal  placentas ;  iruit  a  1-ceUea, 


INCOMPLETE. 


301 


many-seeded  berry;  seeds  imbedded  in  pulp,  albuminous  or  exalbummous ; 
embryo  amorphous.  Cytinus  hypocktis  (South  Europe)  is  parasitic  upon 
the  roots  of  Cistus,  and  has  unisexual  flowers ;  Hydnora,  a  Cape  plant, 
growing  upon  fleshy  Euphorbia  and  other  succulent  plants,  has  herma- 
phrodite flowers.  Except  in  habit,  they  have  very  little  connexion  with 
the  Balanophoracete ;  and  from  Batflesiacese  they  differ  in  the  3-merous 
structure  of  the  perianth  and  the  longitudinal  dehiscence  of  the  anthers. 
These  plants  are  supposed  by  some  writers  to  have  a  connexion  with  the 
Monocotyledons  through  Bromeliaceae.  Cytinus  has  astringent  qualities ; 
Hydnora  africana,  which  has  a  putrid  smell,  is  roasted  and  eaten  by  the 
African  natives.) 


Order  CXXXVI.  EAFFLESIACE^]. 

Class.  Rhizantheae,  Endl.    Class.  Rhizogens,  Lindl.    Coh.  Rhizanthales, 

Benth.  et  Hook. 

495.  Diagnosis. — Parasites  of  fungoid  structure,  without  stems 
or  leaves ;  the  flowers  solitary,  sessile  upon  the  branches  of  trees, 
surrounded  by  scales,  perfect  or  dioecious ;  perianth  5-10-parted, 
with  a  circle  of  scales  or  a  ring  in  the  throat ;  anthers  2-celled,  and 
opening  by  distinct  pores,  upon  a  salver-shaped  or  subglobose  column 
adhering  to  the  perianth,  numerous,  distinct  or  connate,  or  con- 
centrically many-celled  with  a  common  pore ;  ovules  very  numerous, 
growing  all  over  the  parietal  placentas  of  the  1-celled  ovary ;  fruit 
an  indehiscent  pericarp,  with  a  great  number  of  albuminous  or  ex- 
albuminous  seeds  with  an  undivided  embryo. 

Illustrative  Genera. 
Rafflesia,  R.  Br.  Sapria,  Griff.  Pilostyles,  Guill. 

Affinities,  &c. — Some  of  the  Rafflesiaceas  occur  parasitic  upon  species 
of  Cissus  in  the  East  Indies,  others  on  Leguminous  plants  in  South 
America.  They  differ  from  Cytinacea?  in  the  absence  of  a  stem,  the 
5-merous  perianth,  and  the  porous  anthers.  They  are  sometimes  regarded 
as  related  to  the  AristolochiacesB.  Rafflesia  Arnoldi,  a  plant  of  Sumatra, 
is  a  wonderful  object,  consisting  of  a  gigantic  flower  of  fungoid  texture, 
measuring  3  feet  across,  and  weighing  14  lbs.,  emitting  in  decay  a  smell 
like  putrescent  flesh.  This  and  other  species  seem  to  have  styptic  and 
astringent  properties. 


it 
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Order  CXXXVII.  ARISTOLOCHIACEyE. 

wort  Order. 


The  Birth- 


Class.  Serpentoriaj,  Bull.    All  Asarales,  Lindl 


496.  Diagnosis.  —  Climbing 
shrubs  or  low  herbs,  with  perfect, 
regular  or  irregular  flowers ;  the 
conspicuous  single  tubular  peri- 
anth (figs.  416,  417)  (valvate  in 
the  bud)  adherent  below  to  the 
6-celled  ovary,  which  becomes  a 
many-seeded  6-celled  capsule  or 
berry ;  stamens  6-12,  more  or 
less  adherent  to  the  style  (fig. 
418)  ;  anthers  adnate,  extrorse ; 
ovules  numerous  ;  seeds  albumi- 
nous ;  embryo  minute. 


Fig.  416. 


Fig.  418. 


Fig.  416.  Flower  of  Aristolochia  Clematitit. 

Fig.  417.  Perianth  of  Asarum. 

Fig.  418.  Ovary  and  stamens  of  Aristolochia. 


Illustrative  Genera. 
Asarum,  Tournef.  Aristolochia,  Tournef. 


Affinities. — The  ternary  structure  of  the  flowers  of  this  Order,  together 
with  an  aberrant  structure  of  the  wood,  which  presents  no  concentric 
rings,  seems  to  indicate  that  these  plants  have  affinities  to  such  Mono- 
cotyledonous  Orders  as  Dioscoreaeeas,  although  they  are  really  Dicoty- 
ledonous. Their  more  immediate  relationships  are  obscure  ;  most  authors 
connect  them  nearly  with  Nepenthacea?,  the  affinities  of  which,  again, 
are  not  clearly  made  out.  Their  stamens,  adherent  to  the  style,  distin- 
guish them  from  all  other  Monochlamydeous  Orders. 

Distribution. — A  large  Order,  the  species  of  which  are  generally  dif- 
fused ;  most  numerous  in  tropical  South  America. 

Qualities  and  Uses. — Some  of  these  plants  have  enjoyed  considerable 
reputation,  having  pungent,  aromatic,  and  stimulant  qualities.  The  Ari- 
stolochia; take  their  name  from  the  roots  of  A.  Chmatitis,  longa.  rotunda, 
and  others  being  used  as  emmenagogues.  A.  Swpentaria,  Virginian 
Snake-root,  is  one  of  the  many  specifics  for  Snake-bites,  and  it  is  sto- 
machic and  tonic.  It  is  worth  notice  that  several  species  of  Aristolochia 
in  different  countries  are  considered  by  the  natives  valuable  remedies 
in  cases  of  snake-bite.  Asarum  ewopeeum,  Asarabacca,  is  acrid ;  its 
leaves  were  formerly  much  used  in  a  snuff  employed  in  affections  of  the 
eyes.  Some  of  these  plants  are  very  handsome  climbers,  with  large 
cordate  leaves,  and  striking  helmet-shaped  flowers.  Those  of  Aristo- 
lochia cordata  are  large  enough  to  be  used  as  caps  by  the  Indian  boys 
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in  the  Brazilian  woods.  The  West-African  A.  GoUieana  is  equally 
large. 


(IVepenthaceje  are  herbs  or  half-shrubby  plants  with  alternate  leaves 
which,  when  perfect,  have  a  long  stalk  terminating  in  a  pitcher  with  an 
articulated  lid  (fig.  104)  ;  flowers  dioecious ;  perianth  4-merous ;  stamens 
coherent  in  a  solid  column;  anthers  about  16,  extrorse ;  ovary  free,  4- 
angled,  4-celled  ;  seeds  very  numerous,  attached  to  the  sides  of  the  dis- 
sepiments ;  enibryo  in  fleshy  albumen.  The  relations  of  this  Order  are 
at  present  obscure  ;  most  authors  connect  them  with  the  Aristolochiaceae 
&c.  They  are  natives  of  swamps  in  the  East  Indies  and  China,  and  one 
or  two  are  found  in  the  Seychelles  and  Madagascar.  Several  species  are 
cultivated  in  our  stoves  on  account  of  the  curious  pitcher-like  organs 
which  are  developed  from  some  of  their  leaves  (§  101).  They  do  not 
appear  to  have  any  active  properties.) 


it  2 
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Class  II.  MONOCOTYLEDONES. 


497.  Angiospermous  Flowering  Plants,  with  stems  in  which  the 
woody  bundles  are  isolated  and  diffused  through  a  parenchyma  in 
which  there  is  no  distinction  of  pith  and  bark,  the  individual  woody 
bundles  never  being  developed  further  after  the  fall  of  the  leaves  to 
which  they  belong ;  the  leaves  (very  commonly  sheathing  at  the 

Fig.  422. 


Fig.  419 


Fig.  419.  Leaf  of  Oloriosa. 
Fig.  420.  Leaf  of  Camia. 
Fig.  421.  Leaf  of  Sagittaria. 


Fig.  422.  Ternary  flower  of  Luzula. 
Fig.  423.  Diagram  of  ditto. 

Fig.  '124.  Monoootylodonous  embryo  of  Potamogeton. 


base)  generally  with  a  number  of  nearly  parallel,  straight  or  curved 
ribs  (fi{?  419),  or  with  similar  ribs  given  off  from  a  midrib  (fag.  420) ; 
the  cross  veins  suddenly  smaller  (fig.  421),  occasionally  netted- 
veined:  the  flowers  generally  with  three  organs  in  each  whorl 


SPADICIFLORJE. 


365 


(figs.  422,  423)  ;  the  floral  envelopes  often  all  petaloid  or  all  green 
or  scale-like,  rarely  with  a  green  calyx  and  coloured  corolla ;  seed 
with  an  embryo  which  possesses  only  one  cotyledon,  usually  rolled 
round  the  plumule  like  a  sheath  (fig.  424,  b,  c) ;  the  radicle  (a)  never 
developed  into  a  tap-root  in  germination. 


Subclass  1.  SPADICIFLOE^E. 

498.  Monocotyledons  with  the  inflorescence  composed  of  flowers 
with  a  scaly,  incomplete  perianth,  or  achlamydeous,  often  unisexual, 
arranged  on  a  more  or  less  fleshy  spadix,  which  is  naked,  or  more 
frequently  enclosed  by  a  large  spathe. 

In  the  Palmaceae,  the  structure  of  the  flowers  approaches  that  of  Lili- 
acea?  in  the  next  Subclass;  the  Lemnaceas,  usually  considered  the  lowest 
representatives  of  the  Aroid  type,  have  so  few  flowers  that  the  spadicifomi 
peduncle  does  not  represent  this  structure  very  clearly ;  but  it  is  surrounded 
by  a  spathe.  Taccacess  resemble  Aracese  in  habit  (but  their  flowers  are 
far  more  complete)  ;  hence  they  connect  this  Subclass  with  the  next. 


Order  CXXXVIII.  PALMACM.  Palms. 

Class.  Principes,  Endl.    All.  Palmales,  Lindl.    Coh.  Palmales, 
Benth.  et  Hook. 

499.  Diagnosis. — Trees  or  shrubs,  mostly  with  a  simple  un- 
branched  trunk  (fig.  425),  occasionally  slightly  ramified,  with  large 
terminal  clusters  of  mostly  compound,  stalked  leaves,  the  stalks 
sheathing  at  the  base ;  flowers  unisexual  or  perfect,  with  a  double 
3-merous  perianth,  on  a  mostly  branched,  scaly  spadix  enclosed  by 
spathe  (fig.  426) ;  stamens  6,  hypogynous  or  perigynous  ;  ovary  of 
1-3  free  or  coherent  carpels ;  ovules  solitary,  rarely  two ;  fruit 
baccate ;  seeds  with  a  minute  embryo  imbedded  superficially  in 
horny,  fleshy,  or  bony  albumen  (fig.  428). 


Chamaxlorea,  Willd. 
Areca,  L. 

Ceroxylon,  H.  $  B. 
Caryota,  L. 
Calamus,  L. 


Illustrative  Genera. 

Sagus,  Gcertn. 
Borassus,  L. 
Lodoicea,  Labill. 
Sabal,  Adam. 
Chainserops,  L. 


Pihapis,  L.Jil. 
Phoenix,  L. 
Attalea,  H.  B.  K. 
Elais,  Jaeq. 
Cocos,  L. 


Affinities,  &c. — The  Palms  form  a  very  natural  Order,  including  a 
great  number  of  plants  varying  to  a  considerable  extent  among  them- 
selves, but  separated  by  very  distinct  characters  from  the  rest  of  the  Mo- 
nocotyledons. They,  as  a  rule,  assume  an  arborescent  character,  the 
stem  being  formed  on  the  same  fundamental  plan  as  those  occasionally 
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occurring  in  other  Orders  of  Monocotyledons ;  the  stem  of  the  Calamoid 
Palms  bears  much  resemblance  to  that  of  the  Bamhoo  amon"  the  Grasses  • 


Fig.  428.  Fig.  425. 


Fig.  425.  Trunk  and  foliage  of  a  spe"ies  of  Areca. 
Fig.  426.  Spathe  and  spadu:  of  Astrocan/um  miltjare. 

Fig.  427.  Section  of  the  fruit  of  the  Cocoa-nut  Palm :  x,  the  shell  of  the  nut. 

Fig.  423.  A  Date,  with  half  the  pericarp  (c)  removed  to  show  the  seed  and  embryo  (x). 


the  forms  with  scarcely  developed  internodes,  marked  externally  by  the 
scars  of  the  fallen  leaves,  agree  essentially  with  those  of  Yucca,  Xan- 
thorrhain,  Sc.,  except  that  the  fibrous  cortical  region  is  little  developed, 
and  does  not  exhibit  growth  by  successive  layers  as  in  those  plants  ;  the 
Hyphcenes,  which  have  a  branched  stem,  seem  to  ramify  in  the  same  way 
as  the  Vellosiecp,  by  a  bifurcation  resulting  from  the  occasional  develop- 
ment of  an  axillary  bud,  which  manifests  a  power  of  growth  equal, 
or  nearly  so,  to  that  of  the  terminal  bud.  The  ramification  of  the  trunks 
above  ground  is  a  rare  phenomenon ;  but  it  is  very  common  for  suckers  to 
be  sent  out  from  the  bases  of  the  stems  below  the  soil,  imitating  on  a 
large  scale  the  appearance  of  the  young  bulbs  around  the  parent  in  the 
herbaceous  Monocotyledons.  The  parenchymatous  substance  of  the  stem, 
in  which  the  fibrous  structures  are  imbedded,  varies  much  in  consistence: 
sometimes  it  becomes  lignified,  and  gives  a  solid  character  to  the  trunk, 
as  in  the  Cocoa-nut  Palm  ;  sometimes  it  is  soft  and  spongy  internally,  as 
in  the  Sago-palms,  becoming  filled  at  certain  seasons  with  starch.  The 
spadiciform  inflorescence,  unfolding  from  within  a  large  foliaceous  spntlie, 
connects  the  Palms  with  the  Aracere,  a  relationship  further  indicated  by 
the  low  type  of  structure  of  the  floral  envelopes ;  but  there  is  a  general 
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tendency  to  union  of  the  sexes  here,  and  a  difference  in  the  position  of 
the  embryo  within  the  albumen,— not  to  dwell  upon  the  wide  diversity 
of  general  structure  and  habit.    The  regular  ternary  arrangement  of  the 
flowers,  the  6  stamens,  and  the  3-carpellary  superior  ovary  approximate 
this  family  to  the  Liliaceaj,  in  which,  however,  the  habit  differs  in  almost 
every  respect,  besides  the  great  diversity  of  the  fruits  and  seeds.  Ihe 
inflorescence  of  the  Palms  is  in  some  cases  axillary,  allowing  of  indefinite 
growth  of  the  trunk  by  the  terminal  bud  ;  in  other  cases  it  is  terminal,  and 
the  flowering  of  the  plant  theu  puts  a  period  to  the  term  of  growth  (some- 
times as  much  as  20  years),  the  trunk  dying  after  the  ripening  of  the  fruit 
(like  the  main  stem  of  the  Agave),  but  occasionally  perpetuating  itself 
by  subterranean  axillary  suckers.    Sometimes  the  axillary  inflorescence 
breaks  out  from  above  the  cicatrix  of  a  long-fallen  leaf,  on  the  bare  part 
of  the  stem.    The  flowers  are  generally  very  numerous ;  it  is  said  that 
the  male  inflorescence  of  the  Date  bears  12,000  flowers,  and  that  a  bunch  of 
some  of  the  South-American  Palms  will  bear  3000  fruits.    In  Alfonsia 
amygdalina  207,000  flowers  have  been  computed  on  a  single  spadix,  or 
600,000  on  one  plant !    There  is  very  considerable  apparent  variety  of 
form  and  structure  of  the  ripe  fruit  in  this  Order,  easily  reducible,  how- 
ever, to  a  single  type.    As  a  rule,  there  are  3  carpels,  either  distinct  or 
united  into  a  3-celled  ovary,  each  carpel  commonly  producing  1  ovule ; 
in  Cucos,  however,  2  out  of  the  3  cells  are  rudimentary,  and  thus  only  1 
ovule  is  developed  even  at  first ;  in  Areca  and  others,  3  distinct  cells  and 
ovules  originally  exist ;  in  ChamarojJS  and  Phoenix  the  3  carpels  form 
separate  1-ovuled  pistils ;  in  Borassus,  a  3-celled,  3-ovuled  ovary  exists, 
and  the  same  in  Lodoicea.    In  the  course  of  the  maturation  of  the  fruit, 
the  pericarp  becomes  variously  developed,  and  more  or  less  of  the  ovules 
or  of  the  distinct  simple  ovaries  are  aborted.    In  Cocos  the  pericarp  is 
developed  around  the  one  perfect  cell,  externally  as  fibrous  husk,  inter- 
nally as  the  woody  shell  of  the  nut ;  the  fleshy  part  of  the  nut  (hollow) 
constitutes  the  albumen  of  the  seed  surrounded  by  a  brown  testa ;  and  the 
embryo  is  lodged  in  a  cavity  in  the  substance  of  the  albumen,  at  one  side, 
near  the  base  (fig.  427).    In  Areca,  2  out  of  the  3  cells  and  ovules  are 
abortive ;  the  pericarp  ripens  into  a  fibrous  husk  round  a  solid  seed,  chiefly 
composed  of  horny  ruminated  albumen  (the  Areca-nut).    In  CJiameerops 
and  Phoenix,  1  out  of  the  3  simple  ovaries  ripens  into  a  berry ;  the  pericarp, 
becoming  the  pulp  (Date),  contains  a  "  stone,"  or  seed  which  is  a  solid  mass 
of  horny  albumen  with  the  embryo  imbedded  in  a  small  cavity  a  little 
beneath  the  surface  (fig.  428),  its  place  being  indicated  by  a  papilla  on 
the  surface.    In  Borassus,  all  the  ovules  become  developed,  and  form  3 
fibrous  "  stones  "  in  the  fruit.    In  Lodoicea  it  often  happens  that  2  or  even 
8  ovules  coalesce  during  ripening,  forming  large,  hollow,  double  or  triple 
nuts,  of  the  same  character  as  the  Cocoa-nut,  enclosed  in  a  large  fibrous 
husk  (these  are  the  "  Double  Cocoa-nuts  "  of  the  Seychelles  Islands). 
In  Sagus  and  other  genera  the  ovary  is  clothed  with  imbricated  scales 
pointing  to  the  base,  which  ripen  into  woody  structures,  forming  a  peculiar 
hard-scaled  covering  to  the  fruit. 

Distribution.— A  large  Order,  consisting  of  about  a  thousand  species, 
chiefly  tropical ;  scarce  as  regards  species  in  Africa;  a  few  advancing  into 
temperate  latitudes  in  North  America,  Europe  and  Asia,  and  CNew 
Zealand. 

Qualities  and  Uses.— Having  (apparently)  no  noxious  properties,  the 


368 


SYSTEMATIC  BOTANY. 


very  varied  products  of  this  noble  Order  of  plants  render  them  of  an  im- 
portance to  man  second,  perhaps,  only  to  that  of  the  Cereal  Grasses. 
Their  juices  and  secretions  furnish  sugar,  starch,  oil,  wax,  and  resins ;  fer- 
mentation of  the  juices  of  many  produces  spirituous  liquids.  Some  have 
edible  fruits  of  great  importance  ;  the  succulent  buds  of  others  are  used 
as  esculent  vegetables ;  their  leaves  are  applicable  to  countless  uses,  from 
thatching  huts  to  plaiting  mats  and  hats ;  the  fibrous  substance  of  the 
sheathing  petioles  furnishes  material  for  cordage,  or,  when  more  solid, 
supplies  a  valuable  substitute  for  bristles  and  whalebone ;  the  fibrous  husks 
of  the  fruits  afford  textile  materials ;  the  trunks  of  some  kinds  become 
valuable  timber ;  and  the  hard  albumen  of  the  seeds  of  several  kinds  is  very 
largely  used  for  turners'  work  connected  with  cabinet-making  &c. 

Saccharine  juice,  furnishing  sugar  or  fermented  liquid,  according  to  the 
use  made  of  it,  is  obtained  abundantly  hy  cutting  the  unopened  spathes 
of  Caryota  urens,  Cocos  nucifera,  Borassus  Jlabelliformis,  Phapis  vinifera, 
Saguerus  (Arenga)  saccharifer,  Phcenix  sylvestris,  Mauritia  vinifera,  Elais 
guineensis,  and  others ;  starch  is  obtained  abundantly  from  the  central 
parenchyma  of  the  trunk  of  Sagics  Riimphii,  Metroxylon  lave,  Saguerus 
saccharifer;  Phcenix  farinifera,  &c.  Oil  is  obtained  especially  from  the 
African  Oil-Palms  (Elais  guineensis  and  E.  melanococca),  the  fruits  being 
crushed  and  the  oil  extracted  from  the  albumen  by  boiling  in  water ; 
Cocoa-nut  oil  is  obtained  from  the  albumen  of  the  seed ;  wax  is  ex- 
creted on  the  lower  surface  of  the  leaves  of  Copernicia  cerifera,  on  the 
trunk  and  between  the  leaves  of  Ceroxylon  andicola.  Calamus  Draco, 
Hyphcene,  and  others  have  a  resinous  matter  in  their  juices.  The  most 
important  fruits  are  those  of  the  Date  {Phcenix  dactylifera)  and  the  Cocoa- 
nut  (  Cocos  nucifera)  ;  the  fruit  of  Hyphane  thebaica,  the  Egyptian  Doum- 
palni,  is  also  eaten  ;  and  the  seeds  of  Areca  Catechu  (Betel-nuts),  are  very 
largely  used  in  the  East  Indies,  for  chewing  with  the  leaves  of  the  Betel 
Pepper.  The  fruits  of  some  of  the  Palms  are  acrid  (Caryota,  Saguerus)  ; 
the  acridity,  however,  is  removed  by  soaking  in  lime-water,  and  they  are 
eaten  preserved  with  sugar.  The  Indian  Cabbage-palm,  of  which  the 
buds  are  eaten  boiled  like  cabbages,  is  Areca  oleracea  ;  Euterpe  montana  is 
used  in  the  same  way.  Fibrous  substance  is  derived  from  the  husk  of 
the  fruit  of  the  Cocoa-nut  (Coir),  Astrocaryum  vulgare,  Attaleafunifera, 
and  others;  the  bristle-like  Piassaba  fibres,  used  for  brooms,  are  from 
Leopoldinia  Piassaba.  The  wood  of  the  Cocoa-nut  Palms  is  hard,  durable, 
and  handsome  (Porcupine-wood);  Borassm Jlabelliformis  yields  what  is 
called  Palmyra-wood.  Nuts  suitable  for  turning  are  afforded  by  the  seeds 
of  Attaleafunifera  (Coquillanuts)  and  Phytelephas  macrocarpa  (Vegetable 
Ivory). 

Common  canes  are  the  stems  of  Calamus  Scipionum,  Zalacca,  Puden- 
tum  &c.  Partridge  canes,  used  for  walking-sticks  &c,  are  stems  of  an 
unknown  Palm.  The  petioles  of  Chanuvrops  humilis  are  used  for  walk- 
ing-canes in  Italy ;  and  the  fibre  of  the  leaves  of  this  plant  is  now  coming 
extensively  into  use  as  a  substitute  for  horse-hair.  The  foregoing  is  only 
a  brief  summary  of  some  of  the  best-known  uses  of  these  plants ;  similar 
products  and  applications  are  connected  with  a  great  number  of  other 
species  besides  those  here  mentioned.  Several  species  are  cultivated,  for 
the  grandeur  of  their  foliage,  in  our  stoves ;  and  some,  such  as  Jubaaspec- 
tabiUs,  Chamcerops  rxcelsa,  are  sufficiently  hardy  to  be  grown  out  of  doors 
in  the  south  of  England. 
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Order  CXXXIX.  PANDANACEiE.  Screw-Pines. 

Class.  Spadiciflorse,  Eticll.  All.  Arales,  Lindl. 
500.  Diagnosis.— Trees  or  shrubs  of  Palm-like  habit,  but  often  dicho- 
tomously  branched,  with  the  leaves  sheathing  at  the  base,  imbricateci  m 
3  spiral  ranks ;  flowers  numerous,  naked  or  scaly,  male  and  lemaie  oi 
polyo-amous,  arranged  densely  on  a  spadix  furnished  with  numerous  spa- 
thaceous  bracts ;  anthers  stalked,  2-4-celled;  ovaries  mostly  grouped,  l- 
celled,  with  solitary  or  numerous  ovules  on  parietal  placentas ;  iruits  witn. 
a  fibrous  husk,  1-seeded,  arranged  in  groups,  or  many-celled  berries  with 
many-seeded  cells ;  embryo  minute,  imbedded  at  the  side  near  the  base  ot 
fleshy  albumen. 

Illustrative  Genera. 
Suborder  1.  Panlane^:.  Flowers      Subord.  2.  CYCLANTHEiE.  Flowers 
naked;  leaves  simple.  mostly  with  a  perianth;  leaves  fan- 

Pandanus,  L.Jil.  shaped  or  pinnate. 

Freycinetia,  Gaud.  Carludovica,  P.  P. 

Nipa,  Humph. 
Cyclanthus,  Pott. 

Affinities. — This  Order  is  related  on  the  one  hand  to  the  Typhacete  by 
the  inflorescence,  which  resembles  that  of  Sparganium  ;  on  the  other  to 
the  Palmacea?,  which  the  Cyclanthecs  approach  in  habit  and  foliage.  The 
branching  stem  and  the  large  aerial  roots  of  Pandanus  (fig.  9)  are  ex- 
ceedingly curious. 

Distribution. — Tropical :  the  Pandanece  chiefly  in  the  East-Indian  Islands, 
Mauritius,  &c. ;  the  Cyclanthecs  American. 

Qualities  and  Uses. — The  seeds  edible ;  saccharine  fermentible  juice 
flows  from  the  cut  spadices  of  Nijm  and  other  species ;  the  leaves  and  fibres 
are  used  for  cordage,  plaiting  hats,  &c. 

(TvPHACEiE  are  marsh-herbs,  with  nerved  and  linear  sessile  leaves  and 
monoecious  flowers,  on  a  spadix  or  in  heads,  destitute  of  a  proper  perianth, 
which  is  replaced  by  3  or  more  scales  or  a  tuft  of  hairs; 
stamens  1-6,  distinct  or  monadelphous ;  anthers  innate;  ^lS- 
ovary  solitary,  1-celled ;  ovule  solitary,  pendulous ;  em- 
bryo iu  the  axis  of  mealy  albumen  (fig.  429) ;  radicle 
next  the  hilum.  The  habit  and  general  appearance  of  these 
plants  resemble  those  of  Cyperacefe,  and  the  hairs  of  the 
flowers  of  Typha  are  analogous  to  those  of  Eriophomm ; 
but  they  belong  to  the  Araceous  type,  and  the  structure 
of  their  inflorescence  approaches  closely,  in  Sparganium 
especially,  to  that  of  Pandanacese,  which,  however,  have 
the  ripe  fruits  more  or  less  blended  into  a  mass.    There    Secti°"  °^ 8eed 
is  also  some  resemblance  in  the  inflorescence  and  in  the       °  sp 
flowers  to  Platanaceae.    The  plants  grow  in  ditches  and  marshes  in  most 
parts  of  the  world.    The  rhizomes  of  Typha  contain  a  certain  amount  of 
starch,  and  the  young  shoots  of  Bulrushes  (T.  latifolia  and  T.  angusti- 
foha)  are  sometimes  used  as  esculent  vegetables,  like  those  of  Asparagus. 
Ihe  abundant  pollen  is  also  nutritious,  and  is  made  into  a  kind  of  bread 
in  Scinde,  in  New  Zealand,  and  elsewhere.) 
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Order  CXL.  AROIDEiE. 

Class.  Spadiciflora,  Endl.    All.  Arales  and 
Juncales,  Lindl.    Coh.  Arales,  lienth.  et  Hook. 

501.  Diagnosis. — Plants  with  acrid  or 
pungent  juice,  simple  or  compound  (often 
veiny)  leaves,  and  monoecious  or  perfect 
flowers  crowded  on  a  spadix,  which  is  usu- 
ally surrounded  by  a  large  bract  or  spathe 
(fig.  430);  perianth  wanting,  or  of  4-6 
scales;  fruit  usually  a  berry;  seed  with 
the  embryo  in  the  axis  of  mealy  or  fleshy 
albumen,  or  occasionally  exalbuminous. 

Illustrative  Genera. 


FLr.  430. 


InfloreBcence  of  Culla. 


Subord.  1.  Arace^;.  Flowers  im- 
pel-feet;  spadix  surrounded  by  a 
spathe. 

Arum,  L. 

Colocasia,  Hay. 

Caladium,  Vent. 

Dieffenbachia,  Sehott. 

Richardia,  Kunth. 


Subord.  2.  Orontia  ceje.  Flowers 
perfect,  mostly  with  a  perianth ;  spa- 
dix surroimded  by  a  spathe,  or  naked. 
Tribe  1.  With  a  spathe. 
Calla,  L. 
Pothos,  L. 
Tribe  2.  Withoid  a  spathe. 
Orontiiim,  L. 
Acorus,  L. 

Affinities. — The  peculiar  thickened  fleshy  flowering  stem  densely 
covered  with  flowers  of  rudimentary  structure,  forming;  the  spadix  of  this 
Order,  together  with  the  spathe  met  with  in  most  cases,  give  the  group  a 
character  of  habit  which  is  generally  very  distinct ;  some  genera,  however, 
such  as  Acorus,  depart  from  this  form,  and  approach  the  TyphacesB  or 
Cyperaceae  in  aspect,  with  which  the  spadiciflorous  structure  at  the  same 
time  unites  them ;  they  have  further  relations  with  the  Pandanacese,  and 
also  with  the  Palmaceae,  in  which  the  inflorescence  shares  the  spadici- 
florous characters ;  and  although  the  perianth  is  much  more  definite  and 
highly  developed  there,  its  presence  in  Acorus  and  Orontimn  of  this 
Order  forms  a  connecting  link.  Lemnacere  are  closely  related  here,  and 
perhaps  should  be  regarded  as  the  simplest  form  of  Aroidsj  but  the 
conditions  are  so  simple  there  that  it  is  more  convenient  to  separate  them. 
From  Naiadacere,  in  which  the  inflorescence  is  moreover  hardly  spadici- 
florous, the  Aroids  are  easily  distinguished  by  the  character  of  their  seeds. 
The  Aracene  are  either  herbs,  sometimes  with  very  large  leaves  and 
spathes,  or  their  stem  becomes  more  or  less  developed  and  branched,  so  as 
to  give  them  a  shrubby  character ;  while  others  are  epiphytic  and  climb- 
ing plants,  producing  aerial  roots  like  the  Orchids.  The  leaves  are  of  the 
most  varied  character  in  this  Order. 

Distribution. — A  large  Order,  not  numerous  in  temperate  climates,  but 
represented  there  by  Arum,  Calla,  and  Acorus.  Most  abundant  in  the 
tropics,  especially  in  forests  and  the  lower  regions  of  mountains. 
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Qualities  and  Uses.— The  juices  of  the  Aroids  are  generally  acrid  and 
dangerous,  some  very  poisonous;  but  heat  seems  to  dissipate  the  noxious 
principles.  The  acridity  is  replaced  by  agreeable  aromatic  pungency 
in  Acortts  Calamus.  The  conns  and  rhizomes  often  contain  much  starch, 
which  is  extracted,  and  purified  by  washing,  from  Arum  maculatum  (1  ort- 
land  Arrow-root) ;  while  the  corms  of  Arum  mdicum,  Amorphophalhtscam- 
panulatus,  Caladium  bicolor,  Colocasia  esculenia  ("  Cocoes  "  and  "Jiddoes, 
West  Indies),  C.  macrorhiza  ("  Tara,"  South-Sea  Islands),  and  6.  hima- 
layensis  are  eaten,  roasted  or  boiled.  The  rhizomes  of  Calla  palustris  are 
also  eaten  after  thorough  washing.  Dieffenbachia  seyuina,  the  "Dumb- 
cane  "  of  the  West  Indies,  is  so  called  from  the  inflammation  of  the  tongue 
and  fauces  produced  by  chewing  it ;  Dracontium  pertusum  (remarkable  for 
its  perforated  leaves)  has  blistering  properties.  Symphcarpus  fatidus,  the 
"Skunk-cabbage"  of  North  America,  is  very  foetid,  as  is  also  the  newly 
opened  inflorescence  of  Arum  Dractuicidits,  A.  italicum,  and  others,  which 
produce  sickness  and  serious  indisposition  in  some  constitutions.  Iiichardia 
africana  is  the  white-spathed  "  Trumpet-lily  "  of  our  conservatories.  The 
species  of  Philodendron,  with  rosy  spathes  and  broad  leaves  2  feet  and  more 
long,  are  very  handsome  stove-plants.  The  recently  introduced  Anthu- 
rium  Scherzerianum  is  particularly  noticeable  for  its  brilliant  scarlet 
spathes  and  its  twisted  spadix. 

(Lemnaceje  are  minute  stemless  plants,  floating  free  on  the  water, 
either  destitute  of  distinct  stem  and  foliage,  as  in  Lemna,  or  consisting  of 
tufts  of  leaves  connected  by  filiform  runners  (Pistia) ;  producing  few 
monoecious  flowers,  surrounded  by  a  spathe,  from  a  chink  at  the  edge  or 
upper  surface  of  the  frond,  or  in  the  axils  of  the  leaves;  stamens  definite, 
sometimes  monadelphous ;  ovary  1-celled,  with  1  or  more  erect  ovules 
from  the  base  of  the  cell;  fruit  a  1-  or  more-seeded  utricle;  embryo 
straight,  in  the  axis  of  fleshy  albumen.  Lemna,  the  genus  to  which  the 
common  Duckweeds  belong,  is  one  of  the  simplest  representatives  of  the 
Phanerogamia,  composed  of  a  stem  consisting  of  2  or  3  small  leaf-like 
lobes  producing  little  filiform  roots  below,  and  ultimately  displaying  a 
scale-like  spathe  at  the  margin,  enclosing  the  inflorescence,  reduced  to 
two  naked  and  unisexual  flowers ;  the  male  flower  consisting  of  one  or 
two  stamens,  the  female  of  a  simple  pistil.  Pistia,  also  represented  by 
little  floating  water-plants,  has  distinct  tufted  leaves,  and  the  tufts  are 
connected  by  flagelliform  branches  like  the  runners  of  a  Strawberry.  The 
spathes  are  here  axillary,  and  they  enclose  separate  male  and  female 
flowers  seated  on  distinct  parts  of  the  central  line  of  the  spathe,  which 
would  appear  therefore  to  be  a  branch,  like  the  leafy  peduncle  of  Puscus, 
or  else  it  has  the  spadix  or  peduncle  adherent  to  its  inner  face.  By  some 
this  genus,  with  Ambrosinia,  is  included  under  true  Arads.  The  Leni- 
nacese  are  the  lowest  forms  of  the  Aroid  type  of  Monocotyledons,  and  are 
related  by  habit  to  the  Naiadacete.  The  Lemnce  occur  chiefly  in  cool 
climates ;  Pistia  principally  in  the  tropics.  Pistia  appeal's  to  possess 
acrid  properties ;  but  the  plants  are  of  little  importance,  except,  perhaps 
as  tending  to  purify  the  stagnant  pools  and  ditches  in  which  they  abound! 
Genera :  Lemna,  L. ;  Pistia,  L. ;  Ambrosinia,  L.) 
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Subclass  2.  PETALOIDE^E. 

502.  Monocotyledons,  with  the  floral  envelopes  consisting  of  a 
regular  or  irregular  perianth,  of  two  whorls,  hoth  petaloid,  or  more 
rarely  both  herbaceous,  sometimes  with  a  green  or  scaly  calyx  and 
a  petaloid  corolla  ;  the  flowers  mostly  perfect,  more  rarely  unisexual ; 
the  leaves  with  the  primary  ribs  parallel,  or  with  a  midrib  and 
parallel  secondary  ribs,  or  rarely  reticulated  somewhat  in  the  same 
manner  as  Dicotyledons,  but  with  the  veins  branching  at  more 
obtuse  angles. 

The  greater  part  of  the  Orders  here  associated  have  a  natural  connexion 
in  the  structure  of  the  perianth  (either  superior  or  inferior),  the  syncar- 
pous  ovaries,  and  the  albuminous  seeds.  But  a  small  assemblage  of  Orders 
which  are  included  here  diverge  greatly  from  the  general  character,  while 
they  differ  so  much  from  each  other  that  they  cannot  very  well  be  sepa- 
rated in  the  form  of  one  distinct  group :  these  are  the  Hydrocharidaceae, 
the  Alisniaceae,  and  the  Naiadaceae,  which  agree  in  the  common  character 
of  an  exalbuminous  seed :  hut  the  first  have  an  inferior  compound  ovary, 
and  seem  to  approach  Bromeliacese ;  the  second  have  more  or  less  distinct 
carpels,  together  with  a  green  calyx  and  coloured  corolla,  such  as  occurs  in 
Oommelynaceae  ;  while  the  third,  also  apocarpous,  in  their  simpler  forms 
approach  in  habit  to  the  Araceae. 

Section  A.    Ovary  inferior. 

(Taccace^;  are  tropical  perennial  herbaceous  plants  with  tuberous 
roots  and  large  leaves,  somewhat  resembling  Araceae  in  habit,  but  with 
epigynous,  petaloid,  hermaphrodite  flowers,  the  perianth  of  which  is 
tubular ;  concealing  6  stamens  with  petaloid  filaments  incurved  and  hooded 
at  the  apex ;  ovary  1-celled,  with  3  parietal  placentas  projecting  more  or 
less  into  the  interior;  fruit  a  berry;  seeds  with  fleshy  albumen.  The 
plants  are  commonly  regarded  as  connecting  the  epigynous  Monocotyledons 
with  the  Aristolochiaceae,  a  Dicotyledonous  Order  with  3-merous  flowers ; 
they  have  affinity  in  habit  to  the  Araceae,  and  in  the  flowers  approach 
Bromeliaceaa.  The  watery  juices  of  these  plants  are  acrid;  but  the 
tuberous  roots  contain  much  starch.  This  is  extracted  by  washing  from 
Tacca  pinnatifida,  by  the  inhabitants  of  Tahiti  and  other  islands  of  the 
South  Sea,  who  use  the  meal  for  bread,  cultivating  the  plant  in  fields. 
This  species,  with  T.  dubia,  montana,  and  others,  are  used  in  like  manner 
in  Malacca,  the  Moluccas,  Cochin  China,  &c,  and  are  sometimes  eaten 
raw  with  an  acid,  which  neutralizes  the  acridity.  Genera :  Tacca,  Forst. ; 
Atac'cia,  Presl.) 

Order  CXLI.  DIOSCOREACE.E.  Yams. 

Class.  Artorhizas,  Endl.    Class.  Dictyogens,  Lindl.    Coh.  lridales, 

Benth.  et  Hook. 

503.  Diagnosis.— Plants  with  twining  stems  rising  from  large  tuberous 
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or  knotted  woody  root-stocks,  with  broad  netted-vemed  stalked  leaves, 
small  dioecious  fa-audrous  regidar  flowers,  the  tube  of  the  6-parted  perianth 
adhering  in  the  fertile  flowers  to  the  3-celled  ovary;  styles  distinct 
or  deeply  trifid  :  ovaries  1-2  in  a  cell ;  stamens  of  the  barren  flower  fa,  on 
the  perianth ;  fruit  a  3-celled  (or  by  suppression  1-celled)  dehiscent 
capsule,  or  a  succulent  berry;  seeds  with  a  small  embryo  in  a  cavity  m 
the  hard  albumen. 

Illustrative  Genera. 
Tamus,  L.  |  Dioscorea,  L. 

Affinities. — Very  near  to  Smilaceas,  from  which  they  differ  in  the  in- 
ferior ovary  and  the  cavity  in  the  albumen  ;  the  mostly  capsular  fruit  is 
replaced  by  a  berry  in  Tamus,  like  that  of  Smilax,  but  inferior  instead  of 
superior.  The  epigynous  condition  relates  these  plants  to  Amaryllidacese. 
Some  authors  consider  that  they  are  related  to  Aristolochiaceaa ;  but  it  is 
a  distant  affinity. 

Distribution.— A  rather  large  group,  chiefly  tropical ;  Tamus  communis 
is  British. 

Qualities  and  Uses. — The  sap  is  often  more  or  less  acrid ;  but  the  tubers 
formed  by  certain  species  of  Yams,  Dioscorea  sativa,  alata,  and  aculeata, 
contain  abundance  of  starch ;  so  that,  under  cultivation,  and  after  cooking, 
when  the  noxious  principle  is  dissipated,  they  become  valuable  articles  of 
food.  The  tubers  of  other  Dioscorea  are  unfit  for  food ;  and  those  of  Ta- 
mus  communis,  Black  Bryony,  have  acrid,  purgative,  and  emetic  properties. 
Testudinaria  elephantipes,  a  Cape  plant,  in  cultivation  in  our  Botanic  Gar- 
dens, produces  a  remarkable  tuber  above  ground,  resembling  a  rugged 
stump  of  an  old  tree,  covered  by  a  kind  of  false  bark,  which  is  tessellated 
with  large  compound  angular  facets ;  its  internal  substance  is  eaten  by 
the  Hottentots. 

(  Philesiace.e  are  climbing  or  erect  shrubs  with  coriaceous,  netted- 
ribbed  leaves  and  large  and  showy  perfect  flowers  with  an  6-rnerous  peri- 
anth in  two  circles,  equal,  or  the  calyx  much  shorter ;  stamens  6,  adherent 
to  the  perianth  at  the  base ;  ovary  1-celled,  with  3  parietal  placentas ; 
ovules  semianatropous  (not  orthotropous,  as  is  commonly  stated).  These 
plants,  consisting  of  Lapageria  rosea,  a  climbing  shrub  with  beautiful 
crimson  flowers,  and  Philesia  buxifolia,  the  flowers  of  which  differ  chiefly 
in  the  marked  difference  of  calycine  and  corolline  circles  and  the  mode  of 
union  of  the  bases  of  the  filaments,  differ  from  Liliacese  chiefly  in  the 
parietal  position  of  the  placentas ;  in  habit  Lapageria  is  related  to  Smilax, 
and  is  in  some  measure  intermediate  between  Smilacese  and  Liliacea?. 
They  are  Chilian  plants,  now  in  cultivation  with  us.  Lapageria  bears 
sweet  edible  berries.) 

(RoxBURGHiACEiE  consist  of  4  species  of  Roxburgliia,  twining  shrubs 
with  broad  leathery  leaves  and  tuberous  roots,  from  the  hotter  parts  of 
the  East  Indies.  Their  habit  connects  them  with  Smilaceae  ;  but  their 
perianth  is  composed  of  4  petaloid  pieces,  and  they  have  4  stamens  with 
enlarged  connectives  (each  set  of  organs,  according  to  Griffith,  in  2  di- 
merous circles),  and  the  1-celled  ovary  (formed  of  1  carpel,  according  to 
Griffith)  has  numerous  anatropous  ovules  arising  from  the  base  of  ^the 
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cavity;  the  sessile  stigma  is  penicillate.  The  fruit  is  2-valved  with  2 
clusters  of  seeds  attached  on  long  cords;  embryo  in  the  axis  of  fleshy 
albumen.  The  affinities  of  these  plants  are  not  clear ;  but  the  resem- 
blance is  perhaps  greater  to  Pans  than  any  other  genus  that  can  be 
named.) 


Order  CXLII.  SMILACEjE.    The  Sarsaparilla  Order. 

Class.  Coronariere,  Endl.    Class.  Dictyogens,  Lindl.    Coh.  Liliales, 

Bcnth.  et  Hook. 


504.  D  iagnosis. — Herbs  or  climbing  shrubby  plants  with 
stalked  netted-veined  leaves,  regular  perfect  or  dioecious 
flowers,  with  the  6-10-parted  perianth  of  the  fertile 
flowers  free  from  the  3-5-  (rarely  l-2-)celled  ovary; 
stamens  6-10,  introrse  ;  styles  or  sessile  stigmas  as  many 
as  the  cells  of  the  ovary,  and  distinct ;  fruit  a  berry 
with  few  or  several  seeds ;  embryo  minute,  in  hard  fleshy 
albumen. 

Illustbative  Genera. 


Fig.  431. 


Smilax,  L. 
Paris,  L. 


Trillium,  Mill. 
Medeola,  Gro?iov. 


Affinities. — The  plants  are  not  separated  by  .any  good  charac-  stamen 
ters  from  the  Asparageous  tribe  of  the  Liliaceas  on  the  one    of  Paris. 
hand,  while  they  pass  into  Uioscoreacese  on  the  other,  from 
which  they  differ  chiefly  in  havirjg  a  superior  ovary.    Smilax  represents 
Smilacere  proper ;  Paris,  Trillium,  &c.  have  the  calyx  unlike  the  corolla, 
and  are  sometimes  made  a  separate  Order,  called  Trilliacese. 

Distribution. — A  considerable  Order  in  point  of  numbers.  Temperate 
parts  of  Em-ope,  Asia,  and  America.  Many  species  of  Smilax  in  tropical 
America  and  Asia.  . 

Qualities  and  Uses. — Smilax  has  diuretic  and  demulcent  properties,  for 
which  the  creeping  rhizomes  of  many  species  are  used,  under  the  name  of 
Sarsaparilla,  as  Sm.  medica  (Vera  Cruz),  &  Purhampuy  (Peru),  S.  si/phi- 
litica  (Brazilian),  S.  officinalis  (Jamaica),  S.  glifpyphyUa  (Australia) ; 
Smilax  aspera  and  excelsa,  natives  of  S.  Europe,  have  similar  properties. 
Smilax  China  has  a  fleshy  root,  said  to  possess  similar  properties.  8. 
Pseudo-  China  is  largely  used  in  domestic  medicine  in  the  United  States. 
Paris,  Trillium,  and  Mcdeola  are  more  allied  to  the  active  Liliaceaj  in  their 
properties.  Paris  miadrifolia,  a  curious  herb  growing  in  groves  in  this 
country,  is  said  to  be  a  narcotic  and  poison  ;  Mcdeola  virgiiiica  is  emetic 
and  diuretic.    The  species  of  Trillium  are  violent  emetics. 
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Order  CXLIII.  LILIACEiE.  Lilies. 

Class.  Coronariese,  Endl.    All.  Liliales,  Lindl.    Coh.  Liliales, 
Benth.  et  Hook. 

505.  Diagnosis. — Herbs  with  parallel,  sessile  or  sheathing  leaves, 
regular  perfect  (5-  (rarely  4-)androus  flowers,  with  the  petaloid  6- 
merous  perianth  free  from  the  2-3-celled  ovary ;  anthers  introrse, 
attached  by  a  point ;  style  single  ;  albumen  fleshy. 


CJiaracter. 

Perianth  free,  of  6  pieces  in  2  circles  (fig.  432),  distinct  or  united, 
mostly  of  similar  colour,  and  regular.  ju/Trffti 

Stamens  6,  introrse,  inserted  on  the  segments  of  the  perianth,    f't '  j 

Ovary  free,  3-celled,  with  numerous  anatropous  or  amphitropous 
ovules  on  axile  placentas  ;  styles  simple  ;  stigma  3-lobed  or  undi- 
vided, sometimes  sessile. 

Fruit  dry  and  capsular,  loculicidally  valvate,  or  succulent  and  in- 
dehiscent  ;  seeds  with  the  embryo  mostly  in  the  axis  of  fleshy 
albumen. 


Fig.  433. 


Fig.  434. 


Fig.  432. 


Fig.  132.  Flower  otScilla*    Fig.  433.  Stamen  of  Allium.  ✓  Fig.  434.  Inflorescence  oiBuscus.tS 


Tulipa,  Tmcrnef. 
Fritillaria,  L. 
✓Lilium,  L. 
Funkia,  Spr. 
Agapanthus,  Il6rit. 
Phormhun,  Forst. 


Illustrative  Genera. 

Sanseviera,  Thurib. 

Aloe,  Toumef. 

Yucca,  L. 
i  Allium,  L. 
✓  Scilla,  L. 

Muscari,  Toumef. 


Hyacinthus,  Z. 
Asphodelus,  L. 
Asparagus,  L. 
Dracajna,  Vand. 
Convallaria,  Desf. 
Ruscus,  Toumef. 


Affinities.— Looking  only  at  the  more  familiar  forms  of  the  Liliacet? 
the  characters  of  the  flowers  are  very  definite,  although  the  habit  of  the' 
plants  brought  together  in  this  Order  varies  extremely,-  but  there  exist 
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certain  genera  of  petaloid  Monocotyledons,  whose  relations  appear  closest 
to  Liliaceae,  winch  form  links  of  chains  leading  oft"  in  very  varied 
directions,  through  the  Orders  of  this  Subclass.  Tulipa  and  the  allied 
genera,  with  usually  distinct  lobes  to  the  perianth  and  versatile  anthers, 
are  bulbous  herbs ;  Funhia,  Hemerocallis,  and  other  genera  have  a  more 
or  less  tubular  perianth,  and  often  tuberous  roots  instead  of  bulbs ;  Aloe 
has  thick  succulent  leaves  on  a  perennial  stem ;  Yucca  has  a  Palm- 
like stem  and  rigid  leaves.  Scilla,  Allium,  and  their  allies  are  bulbous 
herbs,  differing  chiefly  from  the  group  to  which  Tulipa  belongs  in  the 
firmly  fixed  anthers,  and  a  membranous  spathe  enclosing  the  inflorescence 
when  young.  Anthericum  and  others  resemble  the  last,  but  have  tuberous 
or  fibrous  roots ;  AphyUanthes  is  a  plant  with  the  habit  of  Juncaceae  and 
the  flower  of  Liliaceae;  Xant.horrhcca,  a  genus  belonging  to  the  same  group, 
forms  a  woody  trunk  like  Yucca,  or  a  small  Palm.  Asparagus  and  its 
allies,  including  Convallaria,  Smilacina,  Ruscus,  &c,  together  with  the 
arborescent \Draccence  and  Cordylines,  are  Liliaceae  with  succulent  fruits, 
and  scarcely  separable  from  Smilaceas.  Conanthera  and  its  allies,  with  the 
general  structure  of  Liliaceae,  have  the  perianth  more  or  less  adherent, 
thus  approaching  Amaryllidacese.  Wachendorjia,  Lophiola,  and  others 
have  the  free  ovary  of  Liliaceae,  but  triandrous  flowers  and  the  foliage  of 
Haernodoraceae.  Aspidistra  bears  some  resemblance  in  its  foliage  to 
Zingiberaceae,  while  the  character  of  the  flowers  approaches  that  of  the 
complete  Araceae.  Ophiopogon  and  Peliosanthes  are  likewise  doubtfully 
placed  here  ;  but  their  structure  is  not  satisfactorily  made  out. 

We  see,  therefore,  that  the  Liliaceae  have  widely  spreading  relations, 
although  the  typical  forms  are  at  once  distinguishable.  The  superior 
ovary  separates  them  from  Amaryllidaceae,  and  the  introrse  stamens  and 
closely  coherent  carpels  from  the  Melanthaceae.  Their  very  near  con- 
nexion with  Smilaceae  is  noticed  above ;  they  have  a  more  distant  affi- 
nity to  the  Palms  and  to  the  Juncacese  in  the  general  structure  of  the 
flowers,  differing  from  both  in  habit,  fruits,  and  seeds.  Gilliesiaceae  and 
Pontederaceae  are  scarcely  more  than  aberrant  Liliaceae  with  irregular 
flowers. 

The  structure  of  the  arborescent  stems  of  Draccena,  Cordylinc,  Xan- 
thorrhcea, Yucca,  &c.  has  attracted  considerable  attention,  since,  contrary 
to  the  usual  habit  of  Monocotyledons,  their  trimks  sometimes  increase 
more  or  less  in  thickness  with  age.  However,  the  central  axis  corresponds 
essentially  to  that  of  the  Palms;  only  a  peculiar  rind  or  false  bark  exists, 
capable  of  increase  by  layers,  somewhat  in  the  same  way  as  the  liber  of 
Dicotyledons. 

Distribution. — A  large  Order,  the  members  of  which  are  very  variously 
and  widely  distributed ;  the  bulbous  kinds  common  in  temperate  climates, 
the  fibrous-rooted  with  them  and  in  warmer  localities :  the  succulent- 
leaved  Aloes  chiefly  S. -African ;  the  arborescent  forms  mostly  subtropical. 

Qualities  and  Uses.— Many  of  the  Liliaceae  have  active  properties,  and 
the  juices,  the  fibres,  or  the  fruits  afford  products  of  value  in  the  arts. 
The  juice  of  the  succulent-leaved  Aloes  dries  into  a  kind  of  resin,  medi- 
cinal Aloes,  one  of  the  most  valuable  of  purgatives;  the  species  from 
which  it  is  usually  obtained  are  Aloe  spicata,  vulgaris,  socotrina,  &c  The 
bulb  of  TJrqinca  maritima  is  the  Medicinal  Squill,  valuable  as  an  expec- 
torant and  diuretic,  but  emetic  and  purgative  in  large  doses.  Pancratium 
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(often  cultivated  for  its  flowers)  lias  similar  properties.    The  leaves  and 
roots  of  Erythronium  (Dog's-tooth),  of  the  Hyacinths  {Hrjacinthus  orten- 
talis,  lusitanicus,  Scilla  nutans),  and  the  genera  Muscan,  Ormthogalum, 
Gagea,  all  have  emetic  qualities  ;  the  tuberous  fibrous  roots  of  Asparagus 
aud  of  the  Lily  of  the  Valley  ( Convallaria  majalis)  are  said  to  be  purgative  ; 
those  of  Solomon's  Seal  {Convallaria  Polygonatum)  are  acrid.    The  bulbs 
of  the  Crown-imperial  (Fritillaria  imperiaUs)  and  other  species,  and  of  Glo- 
riosa  superba,  are  said  to  be  very  poisonous.    The  bidbs  of  the  genus  Allium 
have  milder  properties,  and  at  the  same  time  possess  a  pungent  quality,  on 
account  of  which  they  are  extensively  grown  for  food,  the  large  and  milder 
cultivated  kinds  being  esculent  vegetables ;  the  smaller  and  more  pungent 
are  valued  for  imparting  flavour.  Allium  Cepa  is  the  Onion ;  A.  Porrnm,  the 
Leek ;  A.  sativum,  Garlic ;  A.  Schcenoprasum,  the  Chive ;  A.  ascalonicum, 
the  Shallot;  A.  Scorodoprasum,  the  Rocambole :  "  Spanish  Onions,"  coming 
from  Spain,  Portugal,  and  Egypt,  axe  mild  varieties  of  the  common  Onion, 
the  bidb  growing  to  a  larger  size,  and  forming  less  of  the  pungent  secretion. 
The  bulbs  of  Lithtm  pomponium  constitute  an  important  article  of  food  in 
Kamtschatka ;  the  tubers  of  Camassia  esculenta  are  eaten  by  the  North- 
American  Indians.   Tbe  woody  roots  of  Draccena  terminalis  (  Cordyline  Ti) 
are  eaten,  roasted,  by  the  Sandwich  Islanders;  sugar  and  fermented  liquor 
are  likewise  prepared  from  its  juice  ;  its  leaves  furnish  fodder  for  cattle,  as 
do  those  of  the  Grass-tree  (Xanthoirhosa)  in  Australia ;  the  bases  of  the 
young  leaves  and  the  heart  of  the  buds  of  the  latter  are  sometimes  used  as 
esculent  vegetables.    The  table  Asparagus  consists  of  the  very  young 
annual  shoots  (turiones)  of  Asparagus  officinalis,  rendered  succulent  by 
cultivation.    Astringent  resins  are  obtained  from  some  kinds :  Draccena 
Draco,  the  Dragon-tree  of  Teneriffe,  yields  the  true  Dragon's  Blood,  for- 
merly much  used  in  medicine,  but  now  seldom  met  with,  the  resin  of 
Pterocarpus  (Leguminosse)  being  substituted.  Xanthorrhosa  arborea  yields 
Botany-Bay  Gum,  which  is  yellow,  pungent,  and  smells  like  Benzoin  when 
burnt.    Phormiumtenaxis  the  New-Zealand  Flax  plant ;  the  fibre  of  the 
leaves  is  very  tenacious,  as  is  that  of  various  species  of  Sanseviera,  known 
as  African  Hemp  and  Bowstring  Hemp  in  Africa  and  the  East  Indies. 
Active  properties  and  uses  are  attributed  to  many  other  less-known  spe- 
cies.   A  great  number  of  Liliacese,  hardy  and  tender,  ornament  our  gardens 
and  stoves,  as  will  be  recognized  from  the  list  given  above.  Polianthes 
tuberosa  is  the  Tuberose,  celebrated  for  its  fragrance.    The  Butcher's 
Broom  (Ruscns  acideatus)  is  remarkable  for  its  foliaceous  peduncles  (fig. 
434)  and  really  almost  leafless  stems;  and  the  fully  developed  flowering- 
stem  of  Asparagus  has  only  needle-shaped  branches  simulating  leaves. 


Order  CXLIV.  MELANTHACE^E.    The  Colchicum 

Order. 

Class.  Coronarieas,  Midi.    All.  Liliales,  Lindl.    Coh.  Liliales, 
Benth,  ct  Hook. 

506.  Diagnosis. — Herbs  with  bulbous,  tuberous,  or  fibrous  roots, 
regular  6-mcrous  and  6-androus  flowers,  the  6-parted  petaloid  or 
green  perianth  free  (or  nearly  so)  from  the  3-ceUed  ovary  •  3  more 
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or  less  distinct  styles,  and  extrorse  adnate  anthers  ;  capsule  3-valved, 
septieidalj  or  sometimes  loculicidal ;  seeds  with  a  membranous  testa  ; 
the  embryo  minute,  in  fleshy  or  horny  albumen. 


Tofieldia,  Huds. 
Asagrasa,  Lindl. 
Veratrum,  Towrnef. 


Illustrative  Genera. 

Melanthium,  L. 
Uvularia,  L. 


Bulbocodium,  L. 
Colchicum,  Toicnwf. 


Affinities. — This  Order  stands  very  near  to  Liliaceai  and  to  Juneaceae  : 
from  both  there  is  a  general  distinction  in  the  extrorse  anthers  aud 
the  septicidally  tripartible  capsule  ;  but  neither  of  these  characters  is  ab- 
solutely general.  The  position  of  the  anthers  must  be  examined  in  the 
bud,  as  they  become  disarranged  by  their  weight  and  dehiscence  in  the 
open  flower.  Uvularia  has  a  loculicidal  capsule  and  united  styles,  and 
thu3  approaches  Liliacete  through  Erythronium ;  while  Streptopus  and  Di- 
sporum  approach  in  character  to  Smilaceae,  having  a  baccate  fruit,  and  the 
latter  arrow-shaped  anthers  somewhat  like  Paris.  Colchicum  resembles 
in  habit  Crocus  among  the  Iridacese,  and  Sternbergia  among  the  Amaryl- 
lidacese.  Tofieldia  has  introrse  anthers,  and  approaches  Juncaceas  both 
in  this  respect  and  its  habit ;  but  its  pods  are  septicidal. 

Distribution. — A  considerable  group,  generally  diffused ;  most  abundant 
in  Europe,  N.  America,  and  N.  Asia. 

Qualities  and  Uses. — More  or  less  poisonous,  with  acrid,  purgative, 
emetic,  aud  sometimes  narcotic  action ;  several  of  the  more  active  species 
yield  valuable  medicines.  Of  Colchicum  autumnale,  called  Meadow  Saf- 
fron or  Autumn  Crocus,  both  the  corms  and  seeds  are  very  active  ;  Vera- 
trum album,  White  Hellebore,  V.  nigrum,  V.  Sabadilla,  V.  viride  (N.  Ame- 
rica), Asagrcea  officinalis  (Sabadilla  or  Cevadilla  of  Mexico),  all  share  the 
acrid  narcotic  qualities,  poisonous  or  medicinal,  according  to  the  dose. 
Most  of  the  other  genera  are  suspicious  or  dangerous,  except  perhaps 
the  JJvularice  (N.  America),  which  are  said  to  be  merely  astringent. 


Order  CXLV.  JUNCACEiE.  Ktjshes. 

Class.  Coronarieae,  Midi.    All.  Juncales,  Lindl.    Coh.  Liliales, 
JBcnth.  et  Hook. 

507.  Diar/nosis.— Grass-like  or  sedgy  herbs,  with  fibrous  roots,  or  a 
suhterraneo'us  rhizome,  with  jointed  stems,  often  capitate  inflorescenci . 
and  a  regular  persistent  perianth  of  6  similar  scale-like  pieces  (fig.  42-2  \ : 
stamens  6,  or  rarely  3,  with  introrse  anthers  :  ovary  1 -3-celled,  producing 
a  3-valved,  3-  or  many-seeded,  or  sometimes  a  1  -celled  and.  by  suppression, 
1-seeded  capsule  ;  embryo  minute,  in  fleshy  or  horny  albumen. 

IlLTJSTR  A  TI V  B  G  ENERA. 

Luzula,  DC.     |     Juncus,  DC.     |    Narthecium,  Mcehr. 
Affinities.— "With  Juncaceoa  are  included  by  Lindley  a  number  of 
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genera  which  are  regarded  as  doubtful,  or  established  as  separate  Orders 
by  some  writers,  such  as  Asteliecc,  a  group  of  woolly-leaved  epiphytic 
plants  of  the  southern  hemisphere,  and  Eingiece,  plants  with  a  stem  Me 
Xanthorrhwa  and  a  1-seeded  fruit,  and  some  others.  The  genus  Juncus 
(Rush)  relates  the  Order  to  Liliaceaj,  from  which  the  chief  difference  lies 
in  the  habit,  the  small  embryo,  and  the  glumoid  character  of  the  seg- 
ments of  both  circles  of  the  perianth  ;  Narthecium  connects  them  ;  from 
Xyriclaceas  the  latter  character  divides  them.  Xerotes  approaches  the 
Palms  in  the  character  of  the  flowers ;  and  this  is  associated  with  Kingia, 
which  has  an  arborescent  habit.  The  scaly  perianth  connects  them  with 
Cyperaceaj,  Eestiacese  standing  between  and  differing  from  the  Juncacese 
in  trifling  points  which  will  be  noted  under  that  Order. 

Distribution. — A  considerable  gi-oup,  the  members  of  which  are  natives 
chiefly  of  cold  or  temperate  regions ;  some  occur  in  tropical  Australia. 

Qualities  and  Uses. — Without  important  properties  in  most  cases.  The 
leaves  of  Rushes  (species  of  Juncus)  are  largely  used  for  making  mats, 
chair-bottoms,  &c;  and  the  parenchyma  or  "pith"  of  the  cylindrical  leaves 
and  stems  was  much  used  until  recently  for  making  the  wicks  of  rush- 
lights ;  this  substance  has  a  beautiful  microscopic  structure,  being  formed 
of  regular  stellate  cells. 

(XYMDACEiE  are  sedge-like  herbs  with  equitant  leaves  sheathing  the 
base  of  a  naked  scape,  which  is  terminated  by  a  head  of  perfect  3-androus 
flowers,  with  a  glumaceous  calyx,  a  regular  corolla,  and  extrorse  anthers ; 
the  3-valved,  mostly  1-celled  capsule  containing  several  or  many  ortho- 
tropous  seeds,  with  a  minute  embryo  at  the  apex  of  fieshy  albumen.  In 
habit  these  plants  approach  the  Glumaceous  Orders,  as  Cyperacese;-  but 
the  flowers  are  petaloid  as  regards  the  inner  circle  of  organs,  or  corolla, 
nearly  approaching  Commelynaceae,  from  which  they  differ  in  having 
epipetalous  extrorse  stamens,  in  the  scaly  calyx,  and  general  habit.  They 
are  natives  of  the  tropics  or  adjoining  regions.  Various  species  of  Xyris 
are  used  as  remedies  for  cutaneous  affections  both  in  India  and  America.) 


Order  CXLVI.  COMMELYNACEAE.  Spider-worts. 

Class.  Enantioblastse,  Endl.    All.  Xyridales,  Lindl.    Coh.  Commelynales, 

JBenth.  et  Hook. 

•508.  Diagnosis. — Herbs  with  fibrous,  sometimes  thickened  roots,  jointed 
and  often  branching  leafy  stems,  and  chiefly  perfect  and  6-androus,  often 
irregular  flowers,  with  the  perianth  free  from  the  2-3-celled  ovary,  and 
having  a  distinct  green  calyx  and  a  coloured  corolla,  each  of  3  parts,  the 
calyx  persistent ;  stamens  6,  all  fertile  or  some  abortive,  often  very  peculiar 
inform;  capsule  2-3-celled;  seeds  few  (2)  in  a  cell,  attached  by  a  linear 
hilum ;  embryo  pulley-shaped,  remote  from  the  hilum,  in  dense  fleshy 
albumen.  J 

Illustrative  Genera. 

Commelyna,  Bill.     |     Tradescantia,  L. 

Affinities,  &c_This  Order,  to  which  belongs  the  garden  Spider-wort 
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(  Tradescantia  virginica) ,  may  be  regarded  as  one  of  the  groups  intermediate 
between  the  Orders  with  6-merous  glumoid  perianth,  like  the  Juncacea;, 
and  the  petaloid  forms  like  Liliacese.  The  jointed  solid  stems  of  Tra- 
descantia are  interesting  in  regard  to  the  comparative  structure  of  Mono- 
cotyledonous  stems  ;  they  emit  roots  freely  from  the  nodes  like  Grasses. 
The  hairs  of  the  filaments  of  the  stamens  of  Tr.  virginica  are  classic  ob- 
jects to  the  botanist,  from  the  discovery  in  them  of  the  rotation  of  the 
cell-sap  in  non-aquatic  plants.  The  rhizomes  of  Commelyna  ccelestis,  tube- 
rosa,  and  others  contain  starch  and  mucilage,  and  are  used  as  food  in 
India.  Some  of  the  species  are  said  to  have  medicinal  properties.  They 
are  natives  of  India,  Australia,  Africa,  and  the  West  Indies — a  few  of 
North  America.    Tradescantia  virginica  is  hardy  in  our  gardens. 

(Pc-NTEDEitACEiE  are  a  small  Order  of  aquatic  herbs  with  perfect 
more  or  less  irregular  flowers  in  a  spathe ;  the  petaloid,  6-merous 
perianth  free  from  the  3-celled  ovary ;  the  3  or  6  mostly  unequal  or 
dissimilar  stamens  inserted  in  its  throat.  They  are  separated  from 
Liliacese  chiefly  by  the  irregular  flowers,  the  persistent  perianth  rolling 
inwards  after  flowering,  and  by  the  mealy  albumen  of  their  seeds.  They 
are  natives  of  America,  North  and  South  India,  and  Africa,  and  do  not 
appear  to  have  any  important  properties.  Some  of  the  Pontedericc  are 
usually  grown  in  stoves  where  there  is  a  tank,  on  account  of  their  blue  or 
yellow  flowers.) 

(Mayace.31  consist  of  four  species  of  Mayaca,  little  Moss-like  plants 
occurring  in  America,  from  Brazil  to  Virginia,  separated  from  Conime- 
lynacese  on  account  of  their  habit,  1 -celled  anthers,  1 -celled  ovary  with 
parietal  placentas,  and  the  carpels  opposite  the  inner  lobes  (petals)  of  the 
perianth ;  they  have  no  useful  properties.) 

(Gillie siace-s:  are  a  small  Order  of  plants  of  somewhat  anomalous 
structure,  related  to  Liliaceae;  they  are  bulbous  herbs  with  spikes  of 
flowers  which  have  a  double  circle  of  petaloid  envelopes,  6  or  8  subulate 
processes,  then  a  cup-like  or  labelloid  organ  bearing  3  or  6  anthers  on  its 
inner  surface,  and  a  3-celled  ovary.  Lindley  regards  the  petaloid  enve- 
lopes and  subulate  processes  all  as  bracts,  and  the  structure  on  which  the 
anthers  are  borne  as  the  perianth.  Other  authors  are  opposed  to  this  view. 
Gilliesia,  Lindl.,  and  Miersia,  Lindl.,  are  both  Chilian  genera.) 

(Philydbace^!  are  herbs  with  fibrous  roots,  ensiform  leaves  with 
equitant  bases ;  flowers  in  a  persistent  spathaceous  bract,  without  a  calyx, 
but  with  a  2-petalous  corolla ;  3  coherent  stamens,  of  which  the  2  lateral 
are  barren  and  petaloid,  and  the  middle  has  a  2-celled  anther,  the  whole 
adherent  to  the  anterior  lobe  of  the  perianth  ;  the  ovary  superior,  3-celled, 
with  axile  placentas ;  seeds  numerous,  with  an  embryo  in  the  axis  of 
fleshy  albumen.  This  Order  consists  of  two  plants,  Philydrum  lamigmo- 
sum  (Australia)  and  JSetceria  pygmeea  (China),  exhibiting,  with  a  superior 
ovary,  appearances  analogous  to  those  in  the  epigynous  group  of  Orchi- 
dacefe  and  their  allies.  Lindley  regards  them  as  related  to  Commelynacesa 
and  Xyridacete  ;  but  they  would  appear  to  be  rather  a  kind  of  pengynous 
Zingiberacese.    They  have  no  known  uses.) 
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Order  CXLVII.  ORCHIDACEiE.  Orchids. 

Class.  Gynandrae,  Endl.    All.  Orchidales,  Lindl.    Coli.  Amomales, 
Benth.  et  Hook. 


509.  Diagnosis. — Herbs,  distinguished  by  their  irregular  flowers, 
6-nierous  perianth  adherent  to  the  ovary ;  stamen  (1,  or  very  rarely 
2)  gynandrous,  pollen  cohering  in  waxy  or  mealy  masses ;  ovary 
inferior,  placentas  parietal. 

Character. 

Perianth  mostly  petaloid,  adherent,  in  two  circles  ;  the  outer  circle 
of  three  pieces  (sepals),  distinct  or  more  or  less  coherent  below, 
two  lateral  and  one  anterior  (or  posterior  when  the  ovary  is 
twisted) ;  the  inner  circle  of  three  pieces  (petals),  or  rarely  one, 
alternate  with  the  sepals,  two  lateral,  and  one  (the  labellum)  pos- 
terior (or,  by  the  twisting  of  the  ovary,  anterior)  (figs.  435  &  436), 
usually  longer  and  larger  than  the  others,  variously  formed,  with 

Fig.  436. 


Fig.  435. 


Fig.  437. 


Fig.  435.  Flower  of  Qrehin.  and 
v-H'  f&  5,laerfm  ofaBTo;  a,  a,  a,  sepals;  b,  b,  petals;  V,  labellum;  6",  spur. 
JMg.  437.  Clavate  pollen-mass  and  caudiele  of  Orchis. 

or  without  appendages,  sometimes  divided  into  3  regions  by  con- 
tractions, forming  hypochilium  (at  the  base),  mesochilium,  and  epi- 
chilvum ;  free,  or  more  or  less  adherent  to  the  column. 
Stamens  gynandrous,  the  filaments  confluent  with  the  style  into  a 
column  bearing  mostly  1  perfect  anther  on  the  side  turned  awav 
irom  the  labellum,  with  2  lateral  processes  (abortive  anthers)  or 
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rarely,  2  perfect  lateral  anthers  with  an  abortive  process  next  the 
odd  sepal ;  the  pollen  pulverulent,  or  in  grains,  more  or  less  cohe- 
rent, or  in  definite  waxy  masses  which  are  free  or  provided  with 
a  pedicel  or  caudicle  (fig.  437),  which  adheres  to  a  gland  or  glands 
at  the  apex  or  rostellum  of  the  stigma. 

Ovary  inferior,  1-celled,  with  3  double  parietal  placentas  bearing 
numerous  anatropous  ovules;  style  1,  confluent  with  the  filaments 
into  the  column,  which,  is  surmounted  by  a  3-merous,  mucous,  dis- 
coid stigma  facing  the  labellum,  its  lobes  alternating  with,  the 
lines  of  placentation ;  the  lateral  lobes  usually  abortive,  but  some- 
times forming  divergent  processes,  the  odd  lobe  more  or  less 
developed  into  a  beak  (rostellum)  bearing  1  or  2  glands. 

Fruit  mostly  a  capsule  bursting  by  3  valves,  bearing  the  placentas  in 
the  middle,  separating  from  the  midribs  of  the  carpels,  which  re- 
main as  an  open  framework ;  rarely  a  fleshy  indehiscent  pod ;  seeds 
very  numerous  and  extremely  small,  consisting  of  a  cellular  nucleus 
without  distinct  radicle  or  plumule,  enclosed  in  a  loose  membranous 
or  rarely  crustaceous  testa. 


Malaxis,  Swz. 
Dendrobium,  Siuz. 
Epidendrum,  L. 
Cattleya,  Lindl. 
Vanda,  R.  Br. 
Phalaenopsis,  Bl. 


Illustrative  Genera. 

Aerides,  Lour. 
Oncidium,  Sioz. 
Odontoglossum,  H.  B.  K. 
Stanhopea,  Frost. 
Maxillaria,  Fl.  Per. 
Catasetuni,  Rich. 


Orchis,  L. 
Opkrys,  Swz. 
Vanilla,  Sw. 
Epipactis,  Sailer. 
Oypripedium,  L. 


Affinities. — The  comparative  anatomy  of  this  very  extensive  and  curious 
Order  forms  one  of  the  most  interesting  subjects  in  botanical  Morphology. 
In  the  greater  part  of  the  genera  the  ideal  Monocotyledonous  type  is 
departed  from  in  several  particulars,  as :— in  a  more  or  less  considerable 
irregularity  of  the  perianth,  especially  in  the  condition  of  the  labellum  ; 
in  the  circumstance  that  the  filaments  are  confounded  with  the  style  into 
a  central  organ,  prolonged  from  the  inferior  ovary,  called  the  column,  and 
that  generally  2  out,  of  (at  least)  3  anthers  are  abortive,  while  the  pollen 
is  frequently' less  developed  than  usual,  the  process  of  subdivision  into 
distinct  cells  or  granules  being  arrested,  so  that  it  remains  m  compound 
masses  of  various  degrees  of  magnitude  and  of  more  or  less  firm  and  even 
waxy  consistence.  In  some  cases,  however,  the  perianth  is  almost 
regular,  so  as  to  resemble  that  of  some  of  the  genera  of  Iridaeese ;  and  m 
Cunripedium  we  find  2  anthers  developed  and  only  1  abortive.  Among 
the  other  remarkable  peculiarities  of  the  structure  are  processes  of  various 
kinds  occurring  upon  the  column  and  labellum,  which  there  is  reason  to 
regard  as  indications  of  abortions  of  staminal  organs.  These  have  given 
rise  to  the  opinion  that  the  elements  of  2  circles  of  stamens  exist  in  this 
Order,  of  which  5  are  usually  suppressed,  the  perfect  one  belonging  to  an 
external  circle  of  3,  while  in  Oypripedium  the  2  which  are  developed  axe 
members  of  the  inner  circle  of  3,  one  of  which,  with  the  entire  outer 
circle,  is  abortive.    This  view  is  supported  by  numerous  exceptional 
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instances,  in  which  some  or  all  of  the  ordinarily  suppressed  stamens  are 
present,  and  by  the  anatomical  construction,  which  reveals  the  existence  . 
of  as  many  bundles  of  vascular  tissue  in  the  column  and  ovary  as  there/ 
are  stamens  and  carpels.  The  suppression  of  2  out  of  3  stamens  connects 
this  Order  with  Marantacere  and  Zingiberaceae,  where  the  same  pheno- 
menon exists  iu  a  different  modification,  as  mentioned  under  those  Orders ; 
the  Apostasiaceaj  have  2  stamens  only,  with  their  filaments  adhering  to,^ 
the  lower  part  of  the  style.  The  ovary  is  apparently  formed  of  3  carpels, 
with  the  stigmas  simple,  since  they  alternate  with  the  placentas  :  Lmdley 
supposes  the  ovary  to  be  formed  of  6  carpels,  3  fertile  and  3  barren  ;  but 
this  seems  contrary  to  analogy  and  without  sufficient  independent  sup- 
port ;  in  Apostasiaceee,  Marantacese,  and  Zingiberaceae  the  ovary  is  3- 
celled,  or  sometimes  imperfectly  so  in  the  last,  from  the  margins  not 
meeting  in  the  centre.  The  seeds,  which  are  very  minute,  are  of  simple 
organization  ;  the  ovules,  at  the  time  of  fertilization,  consist  solely  of  an 
embryo-sac  with  2  integuments  ;  and  the  ripe  seed  presents  an  embryo 
devoid  of  distinct  organs  (cotyledon  and  radicle),  enclosed  in  a  loose 
testa — in  this  respect  exhibiting  a  relationship  to  Burnianniaceae. 

The  labellum  sometimes  exhibits  irritability,  moving  spontaneously  or 
when  touched  (Megaclinmm,  Bolbophyllum,  &c.) :  its  forms  are  most  varied 
and  strange,  often  causing  the  entire  flower  to  resemble  an  insect  or 
some  other  living  object.  The  rostellum  and  stalk  of  the  pollen -masses 
are  also  endowed  with  contractile  properties.    In  Cata&etum  these  are  so 

Eowerful  as  to  cause  the  sudden  forcible  ejection  of  the  pollen-masses 
•om  the  anther-cells,  when  the  rostellum  or  other  sensitive  organ  is 
touched,  as  by  the  proboscis  of  an  insect.  Insects  visiting  orchid  flowers, 
for  the  sake  of  the  honey  in  the  spur  or  nectary,  come  into  contact  with 
the  rostellum,  and  thus  liberate  the  pollen-masses.  These  latter  adhere 
firmly  to  the  insect's  back  by  means  of  the  gland  at  the  end  of  the  stalk, 
so  that  the  pollen-mass  is  conveyed  to  another  flower.  It  must,  how- 
ever, be  remarked  that  if  the  pollen-mass  retained  the  nearly  vertical  direc- 
tion it  had  on  its  exit  from  the  anther,  it  would,  when  introduced  by  the 
insect  into  another  flower,  strike  against  the  anther,  and  not  against  the 
stigma.  In  order  to  place  the  pollen  in  such  a  position  that  it  shall 
impinge  on  the  stigma,  the  caudicle  or  stalk  of  the  pollen-mass  contracts 
so  as  to  give  the  pollen-mass  the  requisite  horizontal  direction.  This 
movement  can  readily  be-seen  by  thrusting  the  point  of  a  pencil  into  a 
flower  against  the  rostellum,  when  the  pollen-masses  will  adhere  to  the 
encil,  and  may  be  withdrawn  from  the  anther-case,  and,  if  watched,  will 
e  seen  to  bend  downwards,  in  the  manner  just  described,  immediately 
after  their  removal  from  the  anther.  These  movements  will  be  again 
alluded  to  in  the  physiological  portion  of  this  work. 

Two  extremely  distinct  forms  of  the  perianth  sometimes  present  them- 
selves^  on  the  same  flower-spike,  so  that  the  same  species  has  received  two 
specific  titles,  and  even  three  distinct  generic  names  : — e.  //.,  Monachan- 
thus,  Myanthtts,  and  Catasetum,no-w  all  included  in  the  last'named  genus, 
and  C'ycnoches  ventricosum  and  Egertonianum,  now  known  to  be  forms  of 
one  and  the  same  species.  This  was  considered  a  most  anomalous  circum- 
Btance  till  it  was  shown  by  Darwin  that  the  different  forms  represented 
different  sexes,  the  male  flowers  being  different  from  the  female.  The 
Orchidacea)  are  terrestrial  in  temperate  climates,  forming  subterraneous 
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tubers  (§  40)or  tuberously  enlarged  fibrous  roots,  from  which  the  flowering- 
stem  shoots  up  afresh  every  season.  In  warm  and  moist  climates  they  are 
very  frequently  epiphytic,  hanging  on  the  branches  of  trees,  or  even 
attaching  themselves  to  rocks  and  other  foreign  objects.  These  kinds 
generally  form  some  kind  of  stem-tuber,  either  from  the  lower  internodes 
of  the  axis  which  has  just  flowered,  or  of  a  new  axis,  sometimes  from  the 
whole  of  the  internodes  of  a  long  jointed  leafy  axis,  &c.  The  roots  which 
hang  down  from  them  are  soft  and  delicate  at  the  apex ;  and  the  epi- 
thelial cells  exhibit  spiral-fibrous  thickening  of  a  peculiar  kind. 

Distribution. — Orchids  are  very  numerous,  and  occur  in  almost  all  parts 
of  the  globe,  except  the  very  coldest,  or  in  very  dry  regions.  In  temperate 
climates  they  occur  chiefly  in  shady  woods,  damp  pastures,  or  open  cal- 
careous downs ;  but  they  are  most  abundant  in  damp  situations  in  the 
tropics. 

Qualities  and  Uses. — The  properties  of  these  plants  are  generally  un- 
important. The  subterranean  tubers  of  some  form  nutritious  food,  from 
the  presence  of  a  gummy  substance :  that  of  a  native  species,  Orchis 
mascula,  was  formerly  collected  and  sold  for  the  preparation  of  Salep ;  and 
other  kinds  are  eaten  in  India.  Some  of  the  South-American  yield  a  kind 
of  vegetable  glue ;  Aplectrum  hyemale,  the  North-American  Putty-root,  is 
used  for  making  a  cement  for  china.  The  most  important  plants,  perhaps, 
are  Vanilla  planifolia  and  other  species,  and  a  species  of  Sobralia,  the 
dried  pulpy  pods  of  which  furnish  the  Vanilla  used  for  flavouring  choco- 
late and  confectionary.  A  few  others  are  described  as  having  medicinal 
properties  of  various  kinds. 

(Apostasiace-s:  is  a  small  Order  of  perennial  herbs  nearly  related  to 
Orchidaceas,  bearing  a  regular  perianth  and  2  or  3  stamens  which  are  con- 
fluent by  their  filaments  with  the  lower  part  of  the  style  (the  anthers 
free),  forming  a  kind  of  column,  prolonged  above  into  a  filiform  process 
with  a  3-lobed  stigma ;  ovary  3-celled,  with  axile  many-seeded  placentas ; 
seeds  apparently  as  in  Orchidaceas.  These  plants  differ  from  Orchids  chiefly 
in  the  free  condition  of  the  upper  part  of  the  style,  and  the  3-celled  ovary; 
but  as  the  latter  character  is  inconstant  in  some  Monocotyledonous  Orders, 
probably  this  Order  should  be  united  with  Orchidacese  :  they  are  near  to 
Burmanniaceas  also ;  but  that  Order  has  free  stamens.  Lindley  regards 
this  Order  as  connecting  Orchidacse  with  Amaiyllidaceae  through  Hypox- 
idaceas.  They  are  natives  of  damp  woods  in  tropical  India,  and  are 
without  known  properties.    Genera :  Apostasia,  BL,  &c). 

(BuBMANNiACE-as  are  small  annual  herbs,  often  with  minute  and  scale- 
like leaves,  or  those  near  the  root  grass-like ;  the  flowers  perfect,  with  a  6- 
cleft  petaloid  perianth,  the  tube  of  which  adheres  to  the  1-celled  or  3- 
celled  ovary ;  stamens  3,  distinct,  introrse,  and  opposite  the  inner  segments 
of  the  perianth,  or  6  and  extrorse  ;  stigmas  3 ;  capsule  many-seeded  ;  the 
seeds  very  minute,  with  a  homogeneous  nucleus  in  a  loose  membranous  testa. 
Natives  of  the  tropics  of  America,  Africa,  and  Asia.  Some  are  probably  para- 
sitical. The  affinities  of  these  plants  are  rather  obscure ;  they  apparently 
a-rreewith  Iridaceoa  in  the  character  of  the  flowers  but  differ  in  the  posi- 
tion and  number  of  the  stamens ;  while,  by  the  seeds  resenibhng  those  of 
Orchidacece,  they  form  a  connecting  link  between  these  two  Orders.  1  Hey 
are  said  to  be  bitter  and  astringent,  but  are  unimportant  in  these  re- 
spects.   Genera  :  Burmannia,  L. ;  Thmma,  Grift.,  &c.) 
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Order  CXLVIII.  ZINGIBER  AC  EiE.  The  Ginger  Order. 

Class.  Scitaniineaa,  Endl.    All.  Auiomales,  Lindl.    Coh.  Amoinales, 

Benth.  et  Hook. 

510.  Diagnosis. — Herbaceous  plants  with  a  creeping  rhizome; 
leaves  broad,  with  a  sheathing  petiole,  and  numerous  parallel  veins 
diverging  from  a  midrib  ;  flowers  spiked  or  racemose,  with  spatha- 
ceous  membranous  bracts  ;  perianth  adherent,  irregular,  in  three 
circles  of  three  parts,  one  petal  being  larger  in  each  of  the  two  inner 
circles  ;  stamens  3,  distinct,  2  abortive,  and  the  fertile  one  posterior, 
opposite  the  labellum  or  large  segment  of  the  innermost  perianthial 
whorl ;  anther  2-celled ;  ovary  3-celled,  or  with  the  dissepiments 
imperfect ;  seeds  numerous,  with  the  embryo  in  a  sac  {vitellus)  within 
the  albumen. 

Illustrative  Genera. 

Oostus,  L. 


Zingiber,  Gcertn. 
Aniomum,  L. 


Hedychium,  Kxznig. 
Alpinia,  L. 


Affinities. — This  Order  is  nearly  related  to  Marantaceae,  Orchidaceas,  and 
the  allied  Orders,  but  may  always  he  distinguished  by  the  only  fertile 
stamen  being  situated  next  the  axis  (posterior),  not  next  the  bract  (an- 
terior) as  it  is  in  Orchidaceae  (before  the  ovary  becomes  twisted),  or 
lateral  as  it  is  in  Marantaceae ;  the  ovary  is  usually  3-celled,  like  that  o# 
Marantacese,  but  the  embryo  is  contained  in  a  special  sac  or  vitellus, 
which  is  not  present  in  the  seeds  of  either  Marants  or  Orchids.  * 

Distribution. — A  large  Order,  consisting  mostly  of  tropical  plants  ;  the 
greater  part  East-Indian,  but  a  few  occurring  in  America,  in  Africa,  and 
in  Japan. 

Qualities  and  Uses. — Remarkable  for  the  pleasant  aromatic  and  stimu- 
lant Qualities  of  the  rhizomes  and  the  seeds  of  many  kinds ;  some  are 
astringent,  many  yield  starch,  and  some  colouring-matters. 

Ginger  is  the  rhizome  of  Zingiber  officinale  :  preserved  ginger  is  made 
from  the  younger  parts  of  the  rhizomes.    Cardamom  seeds  are  obtained 
from  Amomum  Cardarnomum  (Round  Cardamoms),  A.  angustifolium 
(Madagascar  Cardamoms),  A.  maximum,  A.  aromaticum,  Elet'taria  major 
(Ceylon),  and  E.  CartiamtmumCMslahax).  Turmeric  consists  of  the  yellow- 
coloured  rhizomes  of  Curcuma  tonga  ;  the  starchy  rhizomes  of  some  East- 
Indian  species  of  Curcuma  furnish  Arrow-root.    Galangale-root,  which 
has  properties  resembling  those  of  Ginger,  consists  of  the  rhizomes  of 
Alpinia  Galanga  and  racemosa ;  Zedoary,  of  those  of  Curcuma  Zedoaria 
and  Zcmmhet.    Amomum  Grana  Paradisi  yields  the  Grains  of  Paradise, 
used  as  stimulants,  and  also  for  giving  pungency  to  spirits  and  beer. 
Many  of  the  species  have  very  beautiful  blossoms,  and  are  cultivated  in 
stoves  on  that  account.    The  bright  colouring  is  found  sometimes  in  the 
bracts,  sometimes  in  the  perianth,  as  in  Hedychium  coronarium. 
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Ordek  CXLIX.  MABANTACM.    The  Arrow-root 

Order. 

Class.  Scitarnineae,  Encll.    All.  Arnomales,  Lindl.    Coh.  Amomales, 

Benth.  et  Hook. 

511.  Diagnosis. — Herbaceous  plants  with  creeping  rhizomes,  re- 
sembling Zingiberacese  in  habit,  but  with  the  perianth  more  irre- 
gular, and  the  inner  segments  often  abortive ;  the  3  stamens  peta- 
loid, 2  barren,  and  1  lateral  fertile  2-lobed,  with  a  1-  (2  ?)-celled 
anther  on  one  of  its  lobes  ;  ovary  inferior,  1-3-celled,  with  numerous 
albuminous  seeds ;  embryo  not  enclosed  in  any  special  sac. 

Illustrative  Genera. 
Maranta,  Plum.  Canna,  L. 

Affinities. — The  affinities  are  those  of  Zingiberaceas,  from  which  this 
Order  is  separated  by  the  place  of  its  fertile  stamen  (lateral)  and  by  the 
absence  of  a  vitellus  or  special  sac  round  the  embryo.  If  we  assume  the 
Orchidacese,  as  mentioned  under  that  Order,  to  have  the  rudiments  of  a 
double  series  of  stamens,  the  relations  of  Orchidacese,  Zingiberacese,  and 
Marantacese  are  very  close,  and  yet  then  distinctions  very  clear  (fig.  438). 

Fig-.  438. 


Diagrams  of  the  flowers  of  Slarantaeefe  (M),  Zingiberaceas  (Z i,  and  Orchidacete  (0)  The 
small  open  circles  are  fertile  Btamens;  the  black  dots  abortive  stamens;  the  black  dots 
■with  the  broad  line  scored  through  are  petaloid  stamens. 

Orchidacece,  with  a  double  perianth,  and  two  circles  of  stamens,  have 
the  anterior  stamen  (belonging  to  the  outer  circle)  developed,  the  rest 
abortive,  or  present  in  the  form  of  horns,  ridges,  &c.  (0);  or,  in  Cypn- 
pedium,  they  have  the  2  lateral  stamens  of  the  inner  circle  developed,  the 
anterior  and  all  those  of  the  outer  circle  abortive. 

ZmaiberacetB,  with  a  double  perianth,  have  the  outer  circle  of  stamens 
petaloid  forming  a  third  perianthial  circle,  the  odd  (posterior)  stamen 
of  the  inner  circle  developed,  the  2  lateral  abortive  (Z). 

Marantaccce,  with  a  double  perianth,  have  the  outer  circle  of  stamens 
more  or  less  developed  in  a  petaloid  form,  as  a  third  perianthial  circle,  and 
one  lateral  stamen  of  the  inner  circle  fertile— the  other  lateral  stamen,  with 
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the  posterior  one,  being  abortive  (M).  Dr.  Dickie  has  lately  shown  that 
the  anther  of  Canna  is  in  reality  2-celled.  . 

Distribution.— The  species  are  numerous,  and  natives  chiefly  ot  tropical 
America,  Africa,  and  India.  .  ,    ,  , 

Qualities  and  Uses.— The  abundance  of  pure  starch  furnished  by  the 
rhizomes  of  many  species  constitutes  the  principal  teature  ot  the  Maran- 
taceEe  considered  from  an  economical  point  of  view.  True  Arrow-root  is 
obtained  from  Maranta  arundinacea,  Allouyia,  and  nobilis  (West  Indies ), 
and  M.  ramosissima  (East  Indies).  Tous-les-Mois  is  derived  from  species 
of  Canna,  probably  C.  coccinea,  Achiras,  eclulis,  &c.  Canna  indica  is  called 
« Indian  shot  "  from  its  beautifully  spherical  seeds.  Some  of  the  species 
are  cultivated  in  our  stoves.  Many  ot  the  species  of  Calathea  and  Maranta 
have  beautifully  coloured  foliage. 


Order  CL.  MUSACE^E.  Bananas. 

Class.  Scitamineee,  Midi.    All.  Amomales,  Lindl.    Coh.  Amomales, 

Benth.  et  Hook. 

512.  Diagnosis. — Large  herbaceous  plants  with  long  sheathing  petioles 
forming  a  spurious  stem ;  leaves  large,  with  a  strong  midrib  and  parallel 
lateral  veins  ;  flowers  enclosed  in  a  spathe,  hermaphrodite ;  perianth  more 
or  less  irregular,  adherent,  petaloid,  m  two  3-merous  rows ;  stamens  6,  on 
the  segments  of  the  perianth,  some  always  abortive ;  anthers  2-celled ; 
ovary  3-celled,  many-seeded,  or  rarely  3-seeded ;  fruit  a  capsule  or  suc- 
culent and  indehiscent ;  embryo  at  the  end  of  albumen. 

Illustrative  Genera. 
Heliconia,  L.  |  Musa,  Tournef.  |  Strelitzia,  Banks.  \  Eavenala,  Adans. 

Affinities. — With  certain  well-marked  differences,  these  plants  approach 
in  some  degree  to  the  Marantacese  arid  Zingiberacete  in  habit,  especially 
in  the  character  of  the  foliage,  but  the  Musacese  have  5  or  6  more  or  less 
perfect  stamens  and  no  staminodes  ;  from  the  AmaiylSdaceEe,  which  they 
resemble  in  the  epigynous  hexandrous  structure,  they  differ  in  the  ir- 
regular flowers,  the  general  habit,  and  the  character  of  the  bracts  or 
spathes. 

Distribution. — A  small  Order,  the  species  of  which  are  generally  dif- 
fused, wild  or  in  culture,  in  the  plains  of  the  tropics,  Cape  of  Good 
Hope,  &c. 

Qualities  and  Uses. — These  plants  are  most  valuable  as  sources  of  food  and 
fibrous  materials.  Musa  paradisiaca,  the  Plantain,  and  Musa  sapimtum. 
the  Banana,  are  plants  bearing  gigantic  leaves  on  long  petioles,  the  im- 
bricated sheaths  of  which  form  a  pseudo-stem  many  feet  high.  They 
produce  large  clusters  of  pulpy  fruit  containing  much  sugar  and  starch, 
which  form  a  very  important  article  of  food  in  the  tropics.  Several  other 
species  of  Musa  yield  similar  fruits.  The  leaves  are  used  for  thatching 
huts,  or  split  up  for  plaited  work  of  all  kinds.  The  fibre  of  the  petioles 
is  a  valuable  material,  especially  that  of  Musa  teztilis,  which  is  known  as 
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Manilla  Hemp.  The  young  shoots  are  also  eaten  hoiled.  Ravenala 
speciosa  has  an  edible  seed;  a  quantity  of  watery  juice  exudes  from  its 
petioles  when  cut,  whence  it  has  been  called  Arbre  du  voyageur.  Stre- 
litzia  is  a  genus  with  very  handsome  flowers,  several  species  of  which,  as 
also  of  Musa,  are  often  cultivated  in  stoves. 


Order  CLI.  AMARYLLIDACEiE.  Amaryllids. 


Class.  Ensatae,  Midi. 


All.  Narcissoles,  Lindl. 
Hook. 


Coh.  Iridales,  Benth.  et 


513.  Diac/nosis. — Chiefly  bulbous  and  scape-bearing  herbs,  not 
scurfy  or  woolly,  with  linear  flat  root-leaves,  and  perfect,  regular  (or 
nearly  so),  6-androus  flowers  ;  perianth  petaloid,  6-parted,  its  tube 
adherent  to  the  3-celled  ovary  ;  the  segments  of  the  limb  imbricated 
in  aestivation  ;  anthers  introrse  ;  fruit  a  3-valved,  loculicidal  capsule 
or  a  1-3-seeded  berry  ;  seeds  with  fleshy  or  horny  albumen  ;  radicle 
turned  to  the  hilum. 

Illustrative  Genera. 


Tribe  1.  Amarylle;e.  Bulbous 
plants,  without  a  coronet. 
Galanthus,  L. 
Amaryllis,  L. 
Tribe  2.  Narcisseje.  Bidbous 
plants,  with  a  coronet  in  the  perianth. 
Pancratium,  L. 
Narcissus,  L. 
Tribe  3.  AxsTRCEMERiEiE.  Fi- 


brous-rooted; sepals  unlike  the  p>etals  ; 
no  coronet. 

Alstrcemeria,  L. 

Tribe  4.  Agaveje.  Fibrous-root- 
ed ;  sepals  and  petals  alike,  valvate  in 
(estivation;  no  coronet. 

Agave,  L. 

Fourcroya,  Vent. 


Affinities  This  epigynous  Order  contrasts  with  the  hypogynous  Lili- 

acete  ;  among  its  epigynous  allies,  Iridacea?  are  distinguished  by  their  3 
stamens  and°extrorse  'anthers :  its  nearest  allies  are  Hnemodoracese  and 
and  HypoxidaceEe,  the  characters  of  which  are  given  below.  The  coronet 
of  the  Narcissece  is  sometimes  regarded  as  a  circle  of  abortive  stamens, 
but  is  more  prohablv  an  outgrowth  from  the  tube  of  the  perianth. 

Distribution. — A  large  Order,  the  species  of  which  are  generally  diffused, 
but  like  Iridacea3,have  their  maximum  at  the  Cape  of  (rood  Hope.  _  Ihe 
Narcissece  are  common  in  Europe,  while  the  genera  unprovided  *th  a 
coronet  are  very  rare  in  Europe  and  North  America,  but  abound  m  South 

A  Qualities  and  Uses.— The  Amaryllidacefe  are  commonly  characterized 
by  active  properties,  the  Amarylka  and  the  iWs-.w  especially  benitr 
emetic  and  purgative,  and  even  poisonous;  the  juice  of  the  bulb  of 
Mammthus  toZcarim  is  used  by  the  Hottentots  to  poison  arrows. 
The  Snow-drop  (Galanthus  nivalis),  Snow-flake  (Leucojnm  vvrnum),  the 
Daffodil  (Narcissus  Pseudo-Narcissus),  with  the  other  cultivated  Caress, 
Pancratium  maritimum,  &c.  art  as  emetics.  Others  w .astringent;  but 
starch  is  washed  from  the  roots  of  some  species  of  Alstrwmcna.  Ihe 
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Agaves  are  exceedingly  valuable  plants,  having  abundant  innocuous  sac- 
charine sap,  and  large  leaves  containing  excellent  fibre.  Agave  amerieana, 
called  by  mistake  the  American  Aloe,  is  the  Hundred-years  plant ;  _  but 
the  statement  that  it  lives  100  years  before  flowering  is  fabulous :  it  is 
a  native  of  America,  but  is  naturalized  in  some  parts  of  S.  Europe,  and  is 
planted,  on  account  of  its  large  spiny  leaves,  to  form  fences.    Irom  this 
and  other  species  is  obtained  Pita  thread,  a  valuable  fibre ;  Pulque  (a 
fermented  liquor)  and  a  brandy  distilled  from  this  are  made  by  cutting 
the  buds  out  of  ^rate-plants  and  collecting  the  sap,  which  exudes  in  great 
abundance  when  this  operation  is  performed  just  before  the  flowering 
stem  is  pushed  out ;  these  plants  are  also  called  Maguey-plants.  This 
Order  affords  a  number  of  beautiful  flowers,  more  permanent  than  Irida- 
ceaa,  and  often  attaining  a  very  large  size.    Most  of  them  are  annual 
flowerers;  but  the  Ayavece,  having  remarkable  foliage,  like  that  of  the 
Aloes  in  Liliaceas,  produce  flowering  stems  (sometimes  many  feet  in 
height)  after  vegetating  for  a  number  of  years,  whence  the  story  of  the 
Hundred-years  Aloe.    Sternberyia  lutea  is  supposed  to  be  the  Lily  of  the 
fields  referred  to  by  Christ. 

(Htpoxtdace-s:  are  a  small  Order  of  epigynous  Monocotyledons,  nearly 
related  to  Aniaryllidaceas,  but  differing  in  their  habit,  having  hairy 
foliage  and  no  bulbs,  and  in  their  usually  strophiolate  seeds  having  the 
radicle  next  the  hilnm.  The  6  stamens,  the  imbricated,  distinctly  petaloid 
perianth,  and  the  habit  of  the  foliage  separate  them  from  Iridacese.  They 
occur  scattered  in  the  warmer  parts  of  the  globe,  and  are  apparently  more 
or  less  bitter  and  aromatic.  The  tubers  of  some  are  eaten.  Genera  :  Cur- 
cidiyo,  Gsertn. ;  Forbesia,  Eckl. ;  Hypoxis,  L. ;  Sawidia,  Harv.) 

(H-ffiMODOBACE.^:  are  herbs  with  fibrous  roots,  usually  equitant  leaves, 
and  perfect  3-6-androus  regular  flowers,  which  are  woolly  or  scurfy 
outside ;  the  tube  of  the  6-parted  perianth  adherent  to  the  whole  surface, 
or  merely  to  the  lower  part  of  the  3-celled  ovary ;  anthers  introrse ;  sta- 
mens opposite  the  petals  when  3 ;  seeds  with  cartilaginous  albumen ; 
radicle  remote  from  the  hiluni.  The  structure  of  the  genera  included  in 
this  Order  is  rather  irregular :  from  Aniaryllidacese  they  are  usually 
distinguished  by  the  woolly  tubular  perianth,  the  equitant  leaves,  and,  in 
some  cases,  by  the  3  stamens;  but  none  of  these  characters  are  without 
exception:  from  Iridacese  the  triandrous  genera  differ  in  the  stamens 
heing  introrse  and  opposite  the  petals,  which  last  character  also  separates 
them  from  Ilypoxidacese.  The  radicle  is  said  to  be  remote  from  the 
hilum,  as  in  Hypoxids ;  while  it  is  next  it  in  Amaryllids  and  Irids.  The 
Vellozice  and  Barbacenice  are  more  or  less  arborescent,  and  in  some  degree 
branched,  especially  the  former,  which  have  a  very  remarkable  aspect ; 
in  many  respects  they  approach  Bromeliads.  The  plants  are  natives  of 
America,  the  Cape,  and  Australia,  and  have  sometimes  bitter  and  astrin- 
gent properties,  as  Aletris  farinosa.  The  roots  often  contain  a  red  matter 
available  as  a  dye,  whence  the  name  of  Blood-roots ;  Lachnanthes  tinctoria 
is  used  in  America.  The  roots  of  several  species  of  Seemodorum  are  eaten, 
roasted,  by  the  natives  of  Australia.  Genera :  Seemodorum,  Sm. ;  Aletris, 
L. ;  VeUoxia,  Mart. ;  Sarbacenia,  Vandelli.) 
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Order  CLII.  IEIDACE^].    The  Flag  Order. 


Class.  Ensatae,  Midi.    All.  Narcissales,  Lindl.    Coh.  Iridales,  Benth.  ct 

Hook. 

514.  Diagnosis. — Herbs  with  bulbs,  corms,  or  rhizomes,  equitant 
2-ranked  leaves,  and  perfect,  regular  or  irregular  flowers ;  the  seg- 
ments of  the  6-parted  petaloid  perianth  (fig.  439)  convolute  in  the  bud 
in  2  circles ;  the  tube  adherent  to  the  3-celled  ovary ;  stamens  3, 


Fig.  439. 


Fig.  440. 


Fig.  441. 


Fig.  443. 


Fig.  439.  Vertical  section  of  the  flower  of  Iris :  a,  inferior  ovary. 

Fig.  440.  Stigmaa  of  Crocus. 

Fig.  441.  Fruit  of  Iris  burst. 

Fig.  442.  Plan  of  ditto. 

Fig.  443.  Section  of  seed  of  Iris. 

distinct  or  monadelphous ;  anthers  extrorse;  style  1;  stigmas  3 
(fig.  440),  often  petaloid  (Iris) ;  capsule  3-valved,  loculicidal  (figs. 
441  &  442) ;  seeds  with  horny  or  hard  fleshy  albumen  (fig.  443). 


Iris,  L. 
Tigridia,  Juss. 


Illustrative  Geneba, 

Gladiolus,  Taurnef. 
Ixia,  L. 


Crocus,  Tourncf. 


Affinities.— Among  the  epigvnous  petaloid  Monocotyledon^  the  In- 
daceae  approach,  by  genera  like  Crocus,  the  AmaryllidacesB,  which,  how- 
ever, have  0  introrse  stamens.  The  same  character  separates  the  epigvnous 
Bromeliacere,  which  have  some  affinity  witli  this  family;  Orchidacere 
differ  in  the  gynandrous  structure  ;  Mnrantacere  and  Ziiigiheracefe  in  their 
monandrous  state,  as  also  in  the  character  of  their  foliage.  The  little 
Order  Burmanniacece  resembles  Iridncere  in  many  particulars,  but  differs 
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in  some  essential  points  mentioned  under  that  Order;  and  this  is  the  case 
also  with  Xyridacese. 

Distribution. — A  large  Order,  diffused  throughout  temperate  and  warm 
climates,  hut  especially  abundant  at  the  Cape  of  Good  Hope. 

Qualities  and  Uses.— The  sap  of  many  of  these  plants  is  more  or  less 
acrid,  purgative,  or  emetic,  as  that  of  the  Flags  (Iris)  generally,  Ferrana, 
Sisyrinchium,  &c.  Saffron  consists  of  the  stigmas  of  the  Saffron  Crocus 
( C.  sativus)  and  of  C.  oclorus  (Sicily).  Orris-root,  used  in  perfumery,  is  the 
rhizome  of  Irisilorentina.  The  genera  of  this  Order  contribute  a  large 
share  to  our  collections  of  garden-bulbs,  as  will  be  recognized  from  the 
plants  already  named  ;  they  are  more  remarkable  for  their  beautiful  but 
transient  flower3  than  for  any  useful  quality ;  the  corms  and  rhizomes  of 
some  are  said  to  be  eaten,  on  account  of  the  starch  they  contain,  by  the 
Hottentots  and  other  races. 


Order  CLIII.  BROMELIACEtE.    The  Pine-apple 

Order. 

Class.  Ensatee,  Endl.    All.  Narcissales,  Lindl.    Coh.  Iridales  ?, 
SentJi.  etHook. 

515.  Diagnosis. — Herbs  (or  scarcely  woody  plants),  nearly  all  tropical, 
the  greater  part  epiphytes,  with  persistent  dry  or  fleshy  and  channelled 
crowded  leaves,  sheathing  at  the  bases,  usually  covered  or  banded  with 
scurfy  scales ;  perianth  free  or  adherent,  in  two  circles,  the  outer  (sepals) 
often  coherent,  and  differently  coloured  from  the  inner  (petals),  which 
are  distinct  and  imbricated ;  stamens  6 ;  ovary  3-celled,  with  numerous 
ovules  on  axile  placentas;  style  single;  stigma  3-lobed  or  entire,  often 
twisted ;  seeds  numerous,  with  a  minute  embryo  in  the  base  of  mealy 
albumen ;  the  radicle  next  the  hihun. 


Ananassa,  Lindl. 
Bromelia,  L. 


Illustrative  Genera. 

^Echmea,  R.  $  P. 
Billbergia,  Thunb. 


Pitcairnia,  ITSrit. 
Tillandsia,  L. 


Affinities. — Among  the  Bromeliacese  are  found  both  epigynous  and 
hypogynous  genera,  as  well  as  forms  with  a  partially  adherent  perianth ; 
on  the  whole,  the  tendency  is  to  the  former  condition,  whence  the  Order 
must  be  regarded  as  an  ally  of  AmaryllidaceEe,  from  which  it  differs  in 
habit  and  in  the  mealy  albumen ;  from  Iridacese  it  differs  in  these  parti- 
culars and  in  the  6-androus  stamens,  while  the  style  and  stigma  are 
somewhat  similar.  The  character  of  the  habit,  and  the  often  distinctly 
characterized  calyx  and  corolla,  offer  a  resemblance  to  Hydrocharidaceae, 
which,  however,  have  exalbuminous  seeds.  The  fruit  varies  much  in  this 
Order,  being  commonly  capsular;  but  in  Ananassa  the  entire  spike  of 
inflorescence,  together  with  the  stem,  becomes  blended  into  a  succulent 
sorosis  (§  290),  the  well-known  Pine-apple.  The  scurfy  epidermis  of  the 
leaves  displays  a  very  interesting  microscopic  structure. 

Distribution.— A  considerable  group,  the  members  of  which  are,  for  the 
most  part,  natives  of  tropical  America ;  but  some  are  now  naturalized  in 
West  Africa  and  the  East  Indies. 
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Qualities  and  Uses. — Chiefly  important  for  the  fruit  of  Ananassa,  fibres, 
colouring-matters,  and  other  economic  products.  Bromelia  Vinguin  is 
used  as  a  vermifuge  in  the  West  Indies.  Many  of  these  plants  grow 
upon  the  branches  of  trees  (epiphytic  ),  and  they  appear  to  be  capable  of 
obtaining'  the  greater  part  of  their  nourishment  from  the  atmosphere 
their  rigid,  tough  epidermis  enables  their  succulent  leaves  to  withstand 
the  influence  of  a  hot  and  dry  atmosphere.  Tillandsia  usneoides,  called 
Old-Man's  Beard,  is  a  common  plant,  forming  a  dense  mass  of  dark-co- 
loured fibres,  which  hang  down  from  the  boughs  of  the  trees  of  the  forests 
of  tropical  America,  as  Lichens  do  in  colder  climates.  Most  of  the 
genera  have  brilliantly  coloured  flowers,  sometimes  in  tall  racemes  and 
panicles,  whence  they  are  much  esteemed  as  ornamental  stove-plants. 


Order  CLIV.  HYDROCHARIDACE.E. 

Class.  Ensata?,  Endl.    All.  Hydrales,  Lindl.    Coh.  Hydrales,  JBenth.  et 

Hook. 

516.  Diagnosis. — Aquatic  herbs,  with  dioecious  or  polygamous  regular 
flowers  issuing  from  a  spathe  on  the  end  of  scape-like  peduncles;  floral 
envelopes  in  a  single  or  double  circle,  in  the  fertile  flowers  united  into  a 
tube  and  adherent  to  the  1-9-celled  ovary;  placenta  parietal;  seeds 
without  albiuuen. 

Illustrative  Genera. 


Udora,  Nutt. 
Vallisneria,  Mich. 


Stratiotes,  L. 
Hydrocharis,  L. 


Affinities  The  sum  or  combination  of  the  characters  of  this  interesting 

Order  keeps  it  apart  from  all  other  Monocotyledons,  while  the  characters 
taken  separately  connect  it  with  many.  The  inferior  ovary  and,inthecase  of 
Stratiotes,  the  habit  connect  them  with  Bromeliacea; ;  the  3-merous  peta- 
loid  flower  and  exalbuminous  seeds  with  Alismacea? ;  the  3-merous  petaloid 
flower  and  3-carpellary  ovary  with  the  Commelynacese,  which,  however, 
with  a  superior  ovary,  like  the  Alismacese,  have  albuminous  seeds.  I  he 
inferior  ovary,  numerous  seeds,  and  general  characters  remove  them  from 
NaiadaceEe,  with  which  they  are  often  associated  by  habit,  and  the  Ara- 
cefe,  with  which  some  would  connect  them;  their  spathe  is  scarcely  more 
Araceous  than  that  of  Amarvlh'dacese.  Vallisneria  and  Elodea  (Anacha- 
ris)  are  plants  well  known  to  mieroscopists  for  the  favourable  opportunities 
they  offer  of  examining  the  rotation  of  the  protoplasm  of  the  cells.  >  Hydro- 
charis, a  plant  somewhat  like  a  miniature  Water-lily,  is  common  m  fresh- 
water ditches;  and  its  sepals  and  rootlets  are  equally  adapted  for  the  micro- 
scopic investigation  of  living  tissues.  Elodea  canadensis  is  the  American 
Water-weed,  which  has  increased  so  rapidly  in  our  canals  and  ditches 
since  its  introduction  from  America  some  years  since.  ^ 

Distribution.— Th  e  species  are  not  numerous:  they  are  found  in  tresn 
water  in  Em-ope,  N.  America,  E.  Indies,  and  New  Holland. 

Qxmlities  and  Uses.— They  appear  to  have  no  very  active  properties. 
Hydrocharis  is  said  to  be  astringent. 
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Order  CLV.  ALISMACEiE. 


Class.  Helobife,  Endl. 


All.  Alisrnales,  Lindl.  Coh 
Benth.  et  Hook. 


•517.  Diagnosis. — Marsh-herbs,  mostly  with  broad  pe- 
tiolate  leaves  and  scape-like  flowering;  stems ;  flowers 
perfect  or  moncecious,with  a  double  perianth,  consisting 
either  of  a  green  calyx  and  a  coloured  deciduous  corolla, 
or  of  2  circles  of  green  scales,  each  of  3  pieces  (fig.  444)  ; 


Alismales, 
Fis.  444. 


ovaries  3,  6,  or  numerous,  more  or 


less  distinct,  and 


t. „,  «,  ~-  ,  —      -  , 

separating  into  as  many  nuts ;  seeds  canipylotropous  or 
anatropous ;  embryo  doubled,  hook-shaped,  or  straight, 
without  albumen. 

Illustrative  Genera. 


Plan  of  flower  of 
Triglochin:  x, bract. 


Subord.  1.  J UNCAGiNEiE.  Peri- 
anth scaly;  anthers  alivays  extrorse; 
ovule  inverted;  embryo  straight. 

Triglochin,  L. 

Scheuchzeria,  L. 
Subord.  2.  Alisme^e.  Internal 
circle  of  the  perianth  coloured ;  ovules 
solitary  or  twin;  ovule  and  embryo 
curved. 

Alisma,  Juss. 


Actinocarpus,  R.  Br. 
Sagittaria,  L. 

Subord.  3.  Butomeje.  Internal 
circle  of  perianth  coloured;  ovules 
numerous  all  over  the  inner  surface  of 
the  carpels ;  embryo  curved. 

Butomus,  Tournef. 

Limnocharis,  II.  B. 


Affinities. — The  Alismeee  bear  considerable  resemblance  to  the  Dicoty- 
ledonous Order  B-anunculaceae,  while  Butomece  have  been  compared  with 
the  Nymphoeacese  on  account  of  the  curious  placentation ;  but  there  is 
hardly  any  real  relationship  in  this  latter  case.  On  the  other  hand,  the 
Alismeee  have  some  similarity  to  the  Conimelynaceae,  from  which  they 
are  separated  by  the  exalbuminous  seed.  This  structure  of  the  seed 
agrees  with  that  of  Naiadaceae,  with  which  this  Order  is  connected  by  the 
Jvmaginece.    Scheuchzeria  in  this  last  division  approaches  Juncaceae. 

Distribution. — A  small  group,  the  members  of  which  inhabit  marshy 
localities  in  all  parts  of  the  world ;  most  abundant,  perhaps,  in  temperate 
climates. 

Qualities  and  Uses. — An  acrid  property  is  common  in  the  foliage  and 
in  the  rhizomes,  but  the  latter  are  sometimes  fleshy  and  farinaceous,  and 
then  may  be  eaten  after  the  acridity  is  removed  by  cooking.  Sagittaria 
sinensis  is  cultivated  for  food  in  China.  Many  are  very  handsome  aquatic 
plants  and  are  cidtivated  for  the  sake  of  their  flowers. 
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Order  CLVI.  NAIAD  ACEiE.    The  Pond-weed  Order. 


Class.  Fluviales,  JSndl. 


All.  Hydrales,  Lindl. 
Benth.  et  Hook. 


518.  Diagnosis. — Immersed  aquatic  plants,  with 
jointed  stems  and  sheathing  stipules  within  the 
petioles,  or  with  sheathing  bases  to  the  leaves ; 
inconspicuous,  monoecious,  dioecious,  or  perfect 
flowers,  which  are  naked  or  have  a  free,  scale-like 
perianth  ;  the  ovaries  solitary  or  2-4  and  distinct, 
1- celled,  1-ovuled  ;  seed  exalbuminous ;  embryo 
straight  or  curved  (fig.  445),  with  a  thin  mem- 
branous testa. 

Illustrative  Genera. 


Coh.  Alismales, 
445. 


Fit 


Embryo  of  Polamo- 
gefoiitrnth  the  testa 
removed:  it,  radicle," 
b,  cotyledon ;  c,  plu- 
mule. 


Caulinia,  Willd. 
Naias,  Willd. 
Zostera,  L. 


Ruppia,  L. 
Zannichellia,  Michel. 
Potamogeton,  L. 


Ouvirandra,  Thouars. 
Aponogeton,  TJntnb. 


Affinities. — This  Order  agrees  with  Hydrocharidaceae  and  Alismacea?  in 
the  structure  of  its  seeds,  but  differs  in  the  simpler  organization  of  the 
inflorescence,  which,  however,  is  connected  with  that  of  Alisniacea?  in 
Scheuclizeria.  Decaisne  and  Maout,  following  A.  de  Jussieu,  keep  distinct 
the  Jimcaginese,  Aponogetese,  Potamea?,  andNaiadese,  all  of  which,  with 
the  exception  of  the  first,  are  here  included  under  Naiadaceaa.  The  groups 
established  or  maintained  by  the  authors  just  cited  are  collectively  cha- 
racterized by  the  absence  of  a  perianth  or  at  least  of  a  petaloid  perianth, 
while  they  are  separated  one  from  the  other  by  the  form  and  direction  of 
the  embryo,  which  is  straight  and  slender  and  with  the  radicle  next  the 
hilum  in  Juncagineas,  swollen  and  with  the  radicle  away  from  the  hiluni  in 
Zostera,  swollen  and  with  the  embryo  so  curved  that  both  its  extremities 
are  near  the  hilum  in  Potamese,  swollen  and  with  the  radicle  directed  to  the 
hilum  in  Naiadese.  The  form  of  the  stigmas,  whether  entire  and  truncate 
or  linear  and  divided,  is  also  relied  on  to  distinguish  the  several  groups. 
Some  authors  consider  the  inflorescence  really  spadiciflorous,  and  regard 
the  scaly  perianth,  when  present,  as  consisting  of  bracts  surrounding  im- 
perfect unisexual  flowers ;  and  this  idea  is  supported  by  the  spathe-like 
bract  which  occurs  in  some  genera  (Zostera  &c.) .  From  this  point  of  view 
they  are  related  to  Lemnaceae ;  but  the  character  of  the  seeds  is  diverse. 
The  structure  of  these  plants  is  generally  very  simple,  consisting  chiefly 
of  cellular  tissue  of  ^ery  delicate  organization;  in  Ouvirandra  the  lamina 
of  the  full-grown  leaf  becomes  a  delicate  lattice-like  plate,  the  interspaces 
between  the  ribs  being  destroyed  during  expansion.  Zostera  is  remarkable 
for  its  pollen-grains  being  tubular  and  destitute  of  an  external  coat. 

Distribution.— The  species  are  numerous,  and  are  met  with  in  still,  fresh 
and  brackish  water,  and  in  the  sea  (Zostera),  in  all  parts  of  the  world. 

Qualities  and  Uses.— Apparently  destitute  of  active  properties.  The 
leaves  of  Zostera  marina  are  collected  and  dried  on  the  sea-coast  as  a 
material  for  packing  &c.  in  place  of  hay. 
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Subclass  3.  GLUMIFLORiE. 


519.  Monocotyledons,  with  the  flowers  collected  into  close  spike- 
lets,  spikes,  or  heads,  and  the  floral  envelopes  in  the  form  of  mem- 
branous scales ; '  the  leaves  mostly  linear,  with  long  sheaths,  tubular 
or  slit ;  the  seed  albuminous. 

The  plants  of  this  Subclass  are  generally  easily  recognizable  by  the 
characters  above  given ;  but  there  is  a  superficial  resemblance  to  them  in 
the  case  of  the  inflorescence  of  the  Juncacete,  which  stand  more  naturally 
among  the  Petaloid  Monocotyledons,  in  spite  of  their  scaly  perianth ;  they 
are,  moreover,  easily  distinguished  from  the  true  Glurnacea?  by  their  dis- 
tinctly regular  3-nary  structoe.  The  ordinary  character  of  Monocotyle- 
donous  flowers  is  greatly  disguised  in  this  Subclass  ;  but  an  explanation  of 
the  conditions  in  the  apparently  anomalous  Grasses  is  given  under  that 
Order :  in  Cyperacete  the  floral  envelopes  are  generally  more  or  less  com- 
pletely suppressed ;  the  female  flower  of  Carex  has  a  perianth  composed 
of  a  tubular  envelope';  and  something  analogous  to  this  occurs  in  Erio- 
caulacere,  as  the  representative  of  a  corolla,  within  the  calycine  scales. 


Order  CLVII.  GRAMINACEiE.  Grasses. 

Class.  Glumaceae,  Erull.    All.  Glumales,  Lindl.    Coh.  Glumales, 
JBenth.  et  Hook. 

520.  Diagnosis. — Grasses  (mostly  herbaceous,  rarely  woody  and 
arborescent),  usually  with  hollow  stems,  with  solid  joints  at  the 
nodes ;  leaves  alternate,  distichous,  with  tubular  sheaths  slit  down 
on  the  side  opposite  the  blade,  and  a  ligule  (§  79)  at  the  base  of  the 
blade  ;  the  hypogynous  flowers  imbricated  with  2-ranked  glumes. 


Character. 

Inflorescence  glumaceous,  the  flowers  arranged  in  spikelets  or  locustce, 

which  are  aggregated  in  spikes,  racemes,  or  panicles  ;  perfect,  or 

sometimes  monoecious  or  polygamous. 
Spilcelets  mostly  with  two  alternate  and  unequal  bracts,  called  glumes, 

at  the  base  (fig.  446),  or  enclosing  the  florets ;  the  outer  glume 

sometimes  absent. 
Flowers  2  or  many,  or  rarely  solitary  with  abortive  rudiments  of 

others,  alternate  on  the  rachis  within  the  glumes,  more  or  less 

overlapping  from  below. 
Perianth  :  the  outer  circle  or  calyx  represented  by  two  scales  {palece 
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or  ghmellce)  (figs.  446-448,  b,  b'),  one  inserted  a  little  above  the 
other  (alternate),  the  outer  and  lower  simple,  the  inner  or  upper 
(sometimes  called  the  flowering  glume)  with  2  primary  ribs,  and 
sometimes  notched  at  the  summit,  the  internal  palea  sometimes 
wanting ;  tbe  inner  circle  {corolla)  of  2  or  3  hypogynous  scales 
Qodiculce  (fig.  448,  x,  x)),  sometimes  wanting  ;  if  2  in  number, 
collateral,  alternate  with  the  paleaB  and  next  the  outer,  distinct  or 
united. 


Fig.  446. 


Fig.  447. 


Fig.  446.  Spikelet  of  Avena:  a,  a,  glumes;  6,  b,  outer  palea;  of  florets. 
Fig.  447.  Floret  of  Avena:  b,  outer  palea;  b*,  awn;  6',  inner  palea. 


Fig.  448. 


Fig.  449. 


Fig.  450. 


Fie  448.  Floret  of  Avena  vnth.  outer  palea  removed:  V,  inner  palea,  x,  x,  lodiculfe. 
Fil  411  Section  of  earyopsis  of  0Vi/ic«ni:  a,  endosperm;  b,  embryo. 
Fi|.  450.  Section  of  embryo  of  Avena,  the  endosperm  removed:  a,  radicle;  b,  cotyledon; 
c,  plumule. 


Stamens  hypogynous,  1-4,  or  6  or  more,  J  opposite  the  outer  palea 
(alternate  with  the  2  scales) ;  filaments  capillary;  anthers  versatile. 

Ovarii  superior,  1-celled,  with  one  ascending  ovule;  styles  2  or  3, 
rarely  confluent;  stigmas  feathery  or  hairy  (figs.  2o7  &  2o8). 

Fruit  a  caryopsis,  with  an  inseparable  pericarp ;  embryo  lying  on 
one  side,  at  the  base,  of  farinaceous  albumen  (fig.  449),  sometimes 
with  a  second,  small  outer  cotyledon  alternate  with  the  first. 
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Illustrative  Genera. 


Tribe  3.  PoACEiE.  Spikelets 
usually  articulated  above  the  lowest 
glume,  1-  or  many-flowered;  lowest 
floiver  usually  perfect,  termincdflower 
very  rarely  more  perfect  than  those 
below  it;  axis  of  the  spihelet  almost 
invariably  terminated  by  an  imperfect 
glume,  which  is  frequently  reduced  to 
'a  small  point  or  bristle ;  Iodides  gene- 
rally 2,  sometimes  3;  stamens  1-3, 
rarely  6 ;  fruit  ahcays  shorter  than 
the  lower  palea. 

Agrostis,  L. 
Stipa,  L. 
Oryza,  L. 
Chloris,  Sw. 
Avena,  L 


Tribe  1.  PANlCEiE.  Spikelets  ar- 
ticulated closely  beloio  the  loioest 
glume,  2-,  very  rarely  2,-floivered ; 
upper  glume  always  containing  the 
most  perfect  and  only  fertile  floiver ; 
axis  of  spihelet  never  produced  beyond 
the  lower  palea ;  Iodides  never  more 
than  2. 

Panicum,  L. 
Setaria,  L. 
Sorghum,  Pers. 
Andropogon,  L. 
Coix,  L. 

Tribe  2.  PHALARiDEiE.  Spike- 
lets articulated,  sometimes  as  in  Pa- 
nicese,  and  sometimes  at  the  base  of 
the  pedicels  near  the  main  axis,  3-  or 
apparently  l-flowered ;  outer  empty  Festuca,  L. 

glumes  laterally  compressed,  often  Bromus,  L. 

united  at  the  base,  longer  than  the  Bambusa,  L. 

rest;  loioer  palea  terminal,  hairy,  Hordeum,  L. 

with  2  rudimentary  glumes  below  it;  Triticum,  L. 

otherwise  as  in  Panicese. 
Phalaris,  L. 

Affinities  The  tribes  above  mentioned  are  those  adopted  by  General 

Munro,  the  leading-  authority  on  this  immense  and  difficult  family.  The 
description  of  the  Grass-inflorescence  above  given  is  in  accordance  with 
the  views  of  P.  Brown,  generally  accepted  in  this  country,  although 
questioned  by  Bentham  and  some  foreign  botanists.  The  following  are 
some  of  the  principal  arguments  in  its  favour.  Taking  the  alternation  of 
3-merous  circles  of  organs  as  the  rule  in  Monocotyledons,  if  we  select  a 
triandrous  Grass,  we  find  that  the  outer  stamen  stands  between,  i.  e.  al- 
ternates with  the  hypogynous  scales ;  only  two  of  these  usually  exist,  but 
in  Stipa  and  Bambusa,  for  example,  a  third  occurs,  and  stands  in  front  of 
the  inner  (double)  pale ;  thus  the  scales  (lodiculce)  must  be  regarded  as 
representing  the  petals,  of  which  the  inner  one  is  usually  suppressed,  and 
the  other  two  approximated  or  coherent,  in  accordance  with  the  law  affect- 
ing the  next  circle  ;  for  when  Monocotyledonous  flowers  are  truly  mono- 
chlamydeous,  and  this  condition  arises  from  the  suppression  of  the  corolline 
or  inner  whorl,  the  stamens  stand  opposite  the  parts  of  the  perianth. 
Outside  the  lodiculce  we  find  the  2  pales  or  glumetlce.  The  outer  one  is 
opposite  the  outer  stamen  of  triandrous  flowers,  and  the  2  inner  stamens 
are  opposite  the  2  primary  veins  of  the  inner  pale ;  and  since,  moreover 
this  generally  exhibits  a  double  character,  its  construction  fi  'oin  the  con- 
fluence of  2  sepals  is  no  great  assumption,  especially  when  we  see  the  2 
lodiculce  confluent,  as  in  Melica  and  Glyceria.  In  diandrous  Grasses  (An- 
thoxanthum)  the  outer  stamen  is  wanting ;  in  most  Grasses  the  inner  petal 
(lodicula)  is  absent;  the  inner  (double)  pale  is  absent  in  Alopecurus,  Pani- 
cum, &c ;  in  Lolium  and  Lepturus  the  outer  glume  is  absent;  in  addition 


398 


SYSTEMATIC  BOTANY. 


to  which  the  few-flowered  spikelets  of  very  many  genera  contain  abortive, 
unisexual,  or  neuter  florets,  consisting  of  rudimentary  pales. 

Other  authors,  as  has  been  noticed,  object  to  the  explanation  of  the 
flower  we  have  given,  and  regard  the  outer  pale  as  a  bract  in  the  axil  of 
which  the  floral  axis  arises ;  Link  even  looked  upon  the  lodicules  as  ana- 
logous to  the  scales  in  the  throat  of  Narcissus,  therefore  apparently  as 
representing  the  ligules  of  metamorphosed  Grass-leaves.  The  remarkable 
awn  Avhich  is  produced  on  the  outer  pale  of  many  Grasses,  more  or  less  free 
from  its  lamina,  is  regarded  by  some  authors  as  a  barren  development  of 
the  axis  of  the  spikelet,  which  would  make  the  inner  pale  the  subtending 
bract  of  the  flower.  And  it  has  been  considered  that  the  occasional  ap- 
pearance of  a  flower  on  the  upper  part  of  the  outer  pale  of  monstrous 
flowers  of  the  Nepal  Barley  (Hordeum  oceleste)  also  indicates  the  pale  to  be 
a  bract  with  an  abortive  floral  axis  adherent  to  it ;  in  which  case  bhe  inner 
pale  would  certainly  be  the  bract  subtending  the  flower  composed  of 
lodicules,  stamens,  and  ovary.  This  perhaps  derives  some  support  from 
the  structure  of  the  spathe  in  Pistia ;  but  the  whole  is  more  simply  ex- 
plained as  an  irregular  monstrosity,  since  the  outer  pale  of  viviparous 
Grasses  (i.  e.  plants  with  the  spikelets  developing  tufts  of  leaves)  often 
appears  as  a  rudimentary  leaf  with  ligular  processes  at  the  junction  of  the 
vaginal  and  laminar  regions,  and  thus  as  a  simple  leaf;  and  the  only  re- 
maining ground  for  regarding  it  as  a  bract,  rather  than  the  outer  sepal, 
is  the  fact  of  the  inner  pale  being  inserted  a  little  higher  up  in  the  rachis. 

The  ligule  has  been  considered  an  adnate  stipule;  it  seems  more 
simple  to  regard  it  as  an  excrescence  from  the  upper  part  of  the  sheathing 
petiole. 

The  above  explanation  of  the  structure  of  this  Order  brings  them  into 
direct  relation  with  the  general  body  of  Monocotyledons ;  and  the  stems 
of  Bamhusa  have  the  habit  even  of  some  Palmaceaj,  while  the  structure  of 
the  seed  approaches  that  of  Aracese.  But  the  nearest  allies,  in  both  habit 
and  structure,  are  of  course  the  Cyperacefe:  one  distinctive  mark  be- 
tween them,  the  hollow  stem,  suffers  exception  in  Saccharum  and  various 
Grasses  of  hot  climates ;  the  creeping  rhizomes  of  ordinary  Grasses  are 
commonly  solid.  The  supposed  diversity  of  structure  of  the  stem  of 
Grasses  from  that  of  other  Monocotyledons  is  imaginary ;  their  culms 
are  simply  fistular  states  of  the  structure  existing  in  Tradescanha  nr- 
ginica,  which,  like  Grass-stems,  roots  freely  at  the  nodes.  The  habit 
'of  the  Grasses  familiar  to  us  in  Britain  is  uniformly  herbaceous ;  but 
Saccharum,  and  some  southern  forms,  such  as  Panicum  spectabde,  Festuca 
flabellata,  &c,  attain  the  dimensions  at  least  of  shrubs;  and  Pambusa  is 
arborescent,  having  a  woody  stem  50  or  60  feet  or  more  m  height 

Distribution.— Constituting  one  of  the  largest  natural  Orders,  the  Grasses 
are  universally  distributed,  and  in  temperate  climates  appear  in  vast 
numbers  of  individuals,  forming  the  principal  mass  of  the  verdure  covering 
the  surface  of  all  but  utterly  barren  soil.  The  great  extent  of  their  cul- 
tivation is  also  remarkable,  and  still  more  the  absence  of  information  as 
to  the  native  countries  of  the  Grain-grasses,  which  have  been  objects  of 
artificial  culture  from  before  the  memory  of  man.  Rye,  Barley,  and  Uata 
are  the  harder  grains ;  Wheat  is  the  chief  grain  of  temperate  and  warm 
temperate  climates,  being  associated  in  the  latter  with  Maize  and  luce, 
which  form  the  chief  grains  of  the  tropics,— Maize  more  particularly  in 
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America,  Rice  in  Asia,  and  both,  locally,  in  Africa,  Rice-growing  being 
dependent  upon  the  possibility  of  irrigation.  Various  Millets  {Sorghum, 
Panicum,  &c.)  are  largely  grown  in  Africa  and  Asia,  and  to  some  extent 
in  South  Europe. 

The  Grasses  of  warmer  climates  are  more  tufted  and  less  gregarious  in 
growth,  acquire  greater  stature,  are  sometimes  arborescent,  and  very  fre- 
quently present  the  monoecious  or  polygamous  condition  of  the  flowers. 

Quaiitles  and  Uses. — The  main  value  of  this  Order  rests  upon  the  seeds, 
or  more  properly  the  fruits,  especially  of  what  are  called  the  "  Cereal 
Grains,"  just  referred  to,  and  which,  in  their  abundant  farinaceous  al- 
bumen, capable  of  great  improvement  in  quantity  and  quality  under  cul- 
tivation, furnish  the  principal  material  for  bread  in  most  countries,  except 
where  the  severe  cold  forbids  their  growth,  or  the  fertile  soil  and  favour- 
able climate  supply  sufficient  food  with  a  less  laborious  agriculture,  as  in 
the  case  of  the  Plantain,  Bread-fruit,  and  other  tropical  esculents.  The 
Sugar-Cane  is  another  grass  of  scarcely  less  value ;  and  the  fodder-Grasses 
are  of  immense  importance,  as  furnishing  food  to  domestic  animals.  A  few 
of  the  Grasses  have  somewhat  active  properties. 

The  principal  Corn-plants  are : — Wheat,  Triticum  vulgare  and  many 
varieties  (Spring  Wheat  is  called  T.  cestivum,  Autumn  Wheat  T.  hibernum) ; 
T.  Spelta,  Spelt ;  T.  compositum,  the  Mummy  or  Egyptian  Wheat,  has 
compound  spikes ;  Barley,  Hordeum  distichum,  with  its  varieties  Hordeum 
vulgare  (Bere  or  Big)  and  H.  hexastichum ;  Oats,  Avena  sativa  and  A. 
orientalis  (Tartarian  Oats) ;  Rye,  Secede  cereale ;  Maize  or  Indian  Corn, 
Zea  Mays ;  and  Rice,  Oryza  sativa. 

Among  those  less  generally  known  are : — several  Millets,  such  as  Setana 
germanica  (German  Millet)  ;  Setaria  italica  ("Kora  Kang,"  East  Indies)  ; 
Panicum  frumentaceum  ("  Shamoola,"  Deccan) ;  Andropogon  Sorghum 
("Durra")  and  A.  saccharatum  ("Shaloo,"  East  Indies)  ;  Panicum  mili- 
aceum  ("  Warree,"  East  Indies) ;  Penicillaria  spicata  ("Bajree,"  East  In- 
dies) ;  Paspalum  exile  ("  Fundimji,"  West  Africa) ;  Poa  abyssinica  and 
JEleusine  Tocusso  ("  Teff "  and  "  Tocusso,"  Abyssinia)  ;  Fleusine  Corocana 
("  Natchnee,"  Corornandel)  ;  Zizania  aquatica,  Canada  Rice ;  Phalaris  ca- 
nadensis, Canary-seed,  &c.  &c. 

Among  the  most  valuable  fodder-Grasses  of  temperate  climates  are : — 
the  Rye-grasses,  Lolium  perenne,  italicum,  &c. ;  Phleum  pratense,  Festuca 
pratensis,  Cynosurus  cristatus,  Anthoxanthum  odoratum,  &c.  Panicum 
spectabile,  a  hay-grass  of  Brazil,  grows  6  or  7  feet  high;  Anthistiria 
atistralisia  the  " Kangaroo  Grass"  of  Australia;  Anthistiria  ciliata  and 
Cynodon  Dactylon  are  esteemed  Indian  fodder-grasses ;  Tripsacum  dac- 
tyloides,  Gama-grass,  in  Mexico;  Gynerium  argenteum  is  the  Pampas- 
grass  ;  and  Festuca  jUabelloides,  the  Tussac-grass  of  the  Falkland  Islands, 
is  said  to  be  very  nutritious. 

Saccharum  qfficinarum  is  the  Sugar-Cane;  Sorghum  saccharatum  and 
Gynerium  saccharides  (Brazil)  likewise  contain  much  sugar,  as  does  also 
Maize,  before  the  grain  is  ripened.  Many  Grasses  are  fragrant ;  the  Sweet 
Vernal-grass  of  our  meadows,  Anthoxanthum  odoratum,  is  an  example 
the  scent  beinpr  most  powerful  in  dried  grass ;  Hierochloe  borealis  is 
another ;  and  this  quality  is  still  more  strongly  developed  in  some  East- 
Indian  species,  such  as  Andropogon  citratum  ("  Lemon-grass  ")  and  A. 
Icarancusce,  A.  Calamus- aromaticus,  and  A.  muricatum  ("  Vetivert  ")j 
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of  which  the  roots  are  largely  used.  This  last  Grass  has  stimulating 
properties;  and  another  species,  A.  Nardm,  is  called  u  Ginger-grass" 


Among  the  Grasses  useful  in  manufactures  are  the  Bamboo  (Bambusa 
arundinacea) ,  the  Reed,  Fhragmites,  JDonax,  Sec.  Coarse  paper  has  long 
been  made  from  the  Bamboo  in  India,  and  recently  from  various  straws 
in  this  country.  Lygeum  spartum  is  the  Esparto  Grass,  much  used  as  a 
coarse  fibrous  material,  and  also  in  the  manufacture  of  paper.  The  Sand- 
grasses,  Elymus  arenarius,  Arundo  armaria,  and  similar  creeping  species, 
are  valuable  binding-weeds  on  shifting  sandy  shores.  Grasses  are  re- 
markable for  the  quantity  of  silex  existing  in  the  epidermis  ;  and  in  the 
Bamboo  a  solid  siliceous  substance,  called  Tabasheer,  collects  in  the  hol- 
low joints  above  the  nodes.  Many  species  are  cultivated  for  the  elegance 
of  their  flowers  or  their  foliage,  such  as  Arundo  Donax,  various  species 
of  Bambusae,  Gynerium  (the  Pampas  Grass),  &c. 

(Erio c  aula CBiE  are  aquatic  or  marsh-herbs,  stemless  or  short-stemmed, 
with  a  tuft  of  fibrous  roots,  and  a  cluster  of  linear,  often  loosely  cellular, 
grass-like  leaves,  and  naked  scapes  sheathed  at  the  base,  bearing  dense 
heads  of  monoecious  or  rarely  dioecious,  small,  2-3-merous  flowers,  each 
in  the  axil  of  a  scarious  bract ;  the  perianth  double,  or  rarely  simple, 
scarious ;  the  anthers  2-celled,  introrse ;  the  fruit  a  2-3-celled,  2-3-seeded 
capsule ;  seeds  pendulous,  winged  or  hairy,  with  a  lenticular  embryo  at 
the  end  of  the  albumen  remote  from  the  hilum.  The  membranous  tube 
surrounding  the  ovary  represents  the  corolla,  and  thus  places  this  Order 
intermediate  between  the  Glumaceous  Orders  and  the  Xyridacese,  which 
lead  on  through  Commelynacea3  to  the  Liliacea?-  and  their  allies.  The 
plants  are  mostly  natives  of  America  and  Australia.  Eriocaulon  septan- 
c/ulare  occurs  in  the  Western  Islands  of  Scotland  (Skye).) 

(Restiace;e  are  herbs  or  under-shrubs,  with  or  without  perfect  leaves ; 
stems  usually  with  slit,  equitant  leaf-sheaths ;  with  spiked  or  aggregated 
glumaceous/mostly  unisexual  flowers ;  glumes  2-6  or  seldom  0 ;  stamens 
2-3,  adherent  to  the  inner  glumes ;  anthers  1-celled ;  ovary  1-3-celled ; 
ovule  solitary  in  each  cell,  pendulous;  seeds  albuminous;  embryo  terminal. 
Principally  distinguished  from  Cvperaceae  by  the  pendulous  seed  and  ter- 
minal lenticular  embryo,  further  also  by  the  leaf-sheaths  being  slit ;  from 
the  Juncacefe  by  the  same  characters,  by  the  stamens  when  3  being  opposite 
the  inner  glumes,  and  by  the  1-celled  anthers.  They  are  without  the 
membranous  perianth  between  the  glumes  and  the  ovary  which  oecurs  in 
Eriocaulacea?,  while  Xyridacea;  have  the  floral  envelopes  in  2  circles,  of 
which  the  inner  is  pet'aloid.  From  Desvauxiacere  they  differ  in  having 
2  or  3  stamens,  and  if  with  a  1-celled  ovary  usually  2  styles,  and  the 
distinct  perianth.  The  species  occur  chiefly  in  Australia  and  South  Africa  : 
one  occurs  in  Chili.  The  tough,  wiry  stems  have  economic  uses,  for  basket- 
making,  thatching,  &c.  Genera:  Restio,  L.;  Thanmockortus,  Berg.; 
Wildenovia,  L.) 
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(Desvauxiace^e  are  little  sedge-like  herbs,  with  glumaceous  flowers 
in  a  terminal  spathe ;  glumes  1  or  2 ;  paleaj  0,  or  represented  by  tender 
scales  parallel  with  the  glumes ;  ovaries  usually  several,  sometimes  con- 
solidated, each  with  a  pendulous  ovule ;  stamens  1,  or  rarely  2  ;  anthers 
1-celled ;  seeds  albuminous ;  embryo  terminal.  These  little  plants,  chiefly 
natives  of  Australia,  are  of  small  importance,  except  as  representing  one  of 
the  types  of  the  Gliunaceous  condition  of  Monocotyledons.  They  differ 
from  Cyperacere  in  having  several  1-celled  ovaries  more  or  less  coherent, 
or,  if  a  solitary  ovary,  it  is  1-carpellary ;  the  anthers  also  are  1-celled,  and 
the  embryo  terminal,  as  in  Restiaceas ;  but  they  have  only  one  stamen,  a 
1-celled  ovary,  and  a  utricular  fruit  bursting  longitudinally.  Genera : 
Centrolepis,  Labill. ;  Gaimardia,  Gaudich.) 


Order  CLVIII.  CYPERACE^E.    Sedges.  $ 

Class.  Glumacece,  JEndl,    All.  Glumales,  Lindl.    Coh.  Glumales, 
JBenth.  et  Hook. 

521.  Diagnosis. — Grass-like  or  rush-like  herbs,  with  fibrous  roots 
and  solid  steins,  closed  tubular  lcaf-sheaths,  without  ligules,  and 
spiked,  perfect  or  unisexual  flowers,  one  in  the  axil  of  each  of  the 
glume-like  imbricated  bracts,  destitute  of  any  envelopes  or  with  a 
tubular  perianth  (figs.  452  &  453),  or  with  hypogynous  bristles  or 
scales  in  its  place  (fig.  451) ;  stamens  definite,  hypogynous,  1-7  or 
10  or  12 ;  anthers  2-celled  ;  the  1-celled  ovary  with  a  single  erect 
anatropous  ovule  forming  in  fruit  a  utriculus  containing  a  seed 
with  a  lenticular  embryo  enclosed  in  the  base  of  albumen. 


Carex,  Mich. 
Kobresia,  WiUd, 
Schcenus,  L. 
G'ladium,  R.  Br. 


Illustrative  Genera. 

Isolepis,  R.  Br. 
Scirpus,  L. 
Eleocharis,  R.  Br. 


Eriophorum,  L. 
Cyperus,  L. 
Papyrus,  Willd. 
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Affinities.— This  large  Order  of  Glumaceous  plants  resembles  in  many 
presects  tlio  Grasses,  but  has  several  marked  distinctive  characters  viz. 
the  tubular  leaf-sheaths,  the  usually  angular  and  solid  stems,  the  general 
reduction  of  the  floral  envelopes  to  a  single  bract  or  glume  (2  additional 
glumes  exist  in  Carex  and  some  other  genera,  and  hypogynous  bristles  or 
seta  in  Scirpus,  Eriophorum,  &c),  and  the  fact  of  the  embryo  being 
enclosed  centrallyin  the  base  of  the  albumen  of  the  seed.  From  Restiacese, 
some  of  which  resemble  Sedges  in  habit,  they  are  distinguished  by  the 
erect  seeds,  by  the  1-celled  ovary  being  formed  of  2  or  3  carpels,  and  by 
the  leaf-sheaths  not  being  slit. 

Distribution. — Universally  diffused,  especially  in  marshes  and  about 
running  streams.  Carex  and  Scirpus  belong  chiefly  to  cool  climates,  Cy- 
perus,  Mariscus,  and  others  to  warmer,  while  some  appear  ubiquitous. 
Scirpus  triqueter  is  found  in  Europe,  South  America,  and  Australia. 

Qualities  and  Uses. — The  plants  of  this  Order  are  generally  devoid  of 
active  properties,  and  are  less  nutritious  than  the  Grasses ;  but  some  have 
bitter  and  astringent  properties,  while  others  are  regarded  as  diaphoretics. 
Several  of  them  have  some  economic  value.  The  rhizomes  of  Cyperus 
lonyus  are  astringent,  those  of  C.  rotundus  contain  an  aromatic  oil ;  the 
creeping  stems  of  Carex  hirta,  arenaria,  and  other  species  have  been  used 
as  substitutes  for  Sarsaparilla.  The  rhizomes  of  Cyperus  esculentus,  C. 
bulbosus,  and  some  other  plants  of  this  Order,  being  tuberous  and  devoid 
of  noxious  properties,  are  used  locally  as  articles  of  food.  Papyrus  anti- 
quorum,  a  tall  sedge,  with  a  spongy  pith,  is  celebrated  as  having  furnished 
the  ancients  with  a  kind  of  paper,  made  by  cutting  the  pith  into  laminae, 
which  were  laid  one  upon  another  and  pressed,  thereby  becoming  glued 
together  by  their  own  sap.  Its  stem  was,  and  is,  also  used  for  basket- 
making,  mats,  &c,  like  various  Scirpi  Sec.  The  species  of  Eriophorum, 
the  Cotton-grasses  of  our  moorlands,  produce  a  flock  of  cottony  hairs 
around  the  fruit,  sometimes  used  for  stuffing  cushions,  &c.  Carex  arenaria 
(fig.  24)  and  C.  incurva,  growing  on  sandy  sea-shores,  are  very  efficient 
in  binding  the  shifting  sand. 


GTMNOSPERMIA. 
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(PHANEROGAMIA,  FLOWERING  PLANTS.) 

Division  II.  Gymnospermia. 

522.  Flowering  plants,  with  achlamydeous  unisexual  flowers 
arranged  in  cones,  the  male  flowers 
consisting  of  antheriferous  scales 
collected  in  deciduous  cones,  and 
the  female  either  of  open  carpels 
(fig.  454,  a),  bearing  naked  ovules, 
standing  in  the  axil  of  a  bract, 
and  arranged  in  persistent  cones, 
or  of  naked  terminal  ovules  sur- 
rounded by  a  few  scales  ;  seeds 
albuminous,  with  an  enclosed  em- 
bryo bearing  2  cotyledons,  which 
are  simple  or  divided  into  several 
lobes — a  whorl  of  4  or  more  cotyle- 
dons (fig.  454,  e)  according  to  some 
authors, — and  with  the  radicle  en- 
closed in  a  sheath  (fig.  454,  d). 

The  members  of  this  group  are  remarkable  as  forming  a  bond  of  union, 
in  many  important  parts  of  their  organization,  between  the  Angiosperin- 
ous  Flowering  plants  and  the  higher  Ciyptogamia.  The  Cycadaceae  have 
the  habit  of  Palms,  or  of  Arborescent  Ferns ;  their  fertile  foliar  organs,  or 
stamens  and  carpels,  resemble  in  Cycas  the  fertile  leaves  of  Ferns;  in  Zamia, 
as  in  Pinaceae,  the  carpels  approach  nearer  to  the  condition  of  the  carpels 
of  Angiosperms,  but  are  flat  or  open.  The  structure  of  the  female  flower 
has  been  a  subject  of  much  controversy  among  botanists ;  the  account 
above  given  is  that  which  is  on  the  whole  the  most  generally  adopted, 
though  it  shoidd  be  stated  that  some  botanists  regard  the  outer  invest- 
ment of  the  ovule  as  an  ovary,  in  which  latter  case  the  scale  supporting 
it  would  have  more  of  the  nature  of  a  branch  than  of  a  foliar  organ.  The 
reasons  for  considering  the  reproductive  bodies  as  naked  ovules  and  not 
ovaries  are  thus  given  by  Alph.  de  Candolle : — 1,  the  mode  of  development 
is  centrifugal  as  in  ovules,  not  centripetal  as  in  ovaries ;  2,  the  seeds  of 
some  Conifers  (Podocarpus)  are  anatropal,  a  position  unknown  in  ovaries ; 
3,  the  insertion  is  that  of  an  ovule  and  not  of  an  ovary.  To  this  it  may 
be  added  that  the  structure  and  arrangement  of  the  tissues  in  the  scale 
supporting  the  ovules  are  more  akin  to  those  of  a  leaf  than  to  those  of  a 
branch.  Anatomical  investigation  shows  that  while  in  Cycads  the  ovules 
are  borne  on  the  sides  of  a  scale  originating  directly  from  the  axis,  in 
Conifers  the  ovuligerous  scale  is  the  production  of  an  abortive  secondary 
branch  originating  in  the  axil  of  the  primary  scale.  Pinaceaa  and  Taxaceas 
agree  with  Dicotyledons  in  habit;  but  the  foliage  of  the  latter  approaches 


Pig.  454.  A,  Carpel  of  Pinus  (a,  ovules) ; 
B,  scale  of  cone  of  Piaue,  with  seeds  (a) 
in  situ ;  C,  winged  ripe  seed  (a,  seed) ; 
D,  section  of  seed,  showing  embryo  in 
endosperm;  E,  embryo  germinating. 
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that  of  Ferns,  while  there  are  relations  hetween  their  inflorescence  and 
that  of  the  Lycopodiaceae ;  Gnetacero  approximate  to  Cnsuarinacece  and 
OhloranthaceiB  in  habit ;  and  perhaps  Ephedra  may  be  compared  with 
Equisektm.  In  all  cases  there  may  be  observed  a  remarkable  seri.-*  of 
phenomena  interposed  between  the  arrival  of  the  pollen  upon  the  nucleus 
and  the  maturation  of  the  einbryo,  not  met  with  in  Angiospernious 
Flowering  plants,  and,  at  the  same  time,  very  nearly  allied  to  processes 
which  take  place  in  the  germination  of  the  spores  oi  Selaqinclla  and  the 
Marsileacese.  These  will  be  more  fully  explained  in  the  physiolo<rical 
portion  of  this  work. 


Order  CLIX.  PINACE^E.    The  Pine  Order. 

Class.  Coniferae,  Midi.    Class.  Gymnogens,  Lindl.    Subclass.  Gymno- 
spermese,  Benth.  et  Jlook. 

523.  Diagnosis. — Trees  or  shrubs,  mostly  with  evergreen,  linear, 
needle-like  or  lanceolate  leaves,  sometimes  tufted,  sometimes  imbri- 
cated, monoecious  or  dioecious ;  the  female  flowers  in  cones,  consisting 
of  imbricated  carpels  arising  from  the  axils  of  membranous  bracts, 
and  bearing  (fig.  454,  a)  2  or  more  ovules  on  the  upper  face ;  fruit  a 
woody  cone  or  a  succulent  berry  formed  by  coherence  of  a  few  fleshy 
scales  (galbulus'). 

Illustrative  Genera. 


Suborder  1.  Abietine^.  Omdes 
with  the  micropyle  next  the  base  of 
the  carpel;  pollen  oval. 
Pinus,  L. 
v  Abies,  Tournef. 
Araucaria,  Juss, 


Subord.  2.  Cupresslne^:.  Ovules 
erect ;  pollen  spheroidal. 
Juniperus,  L. 
Thuja,  Tournef. 
Cryptomeria,  Don. 
Cupressus,  Tournef. 
Taxodium,  L.  C.  Rich. 


Affinities. — The  above  diagnosis  gives  the  essential  character  of  this 
Order,  which,  however,  deserves  a  little  detailed  notice,  on  account  of  the 
modifications  occurring  in  the  different  genera,  as  well  as  on  account  of 
the  difficulties  which  the  structure  of  the  inflorescence  may  present  to 
the  student. 

Among  the  Abietinece,  iu  the  common  Scotch  Fir  (Pinus  sylvestris)  the 
I  male  inflorescence  appears  in  the  form  of  a  compound  spike,  each  branch 
of  which  consists  of  a  number  of  anthers  arranged  in  a  cone  ;  each  anther 
\  is  represented  simply  by  a  scale  having  2  parallel  pollen-cells,  one  upon 
\  each  side  of  a  connective  which  is  produced  into  a  litt  le  tongue  beyond  the 
\  pollen-cells.  The  female  inflorescence  consists  of  a  single  cone,  composed 
\  of  single  carpellary  scales,  seated  each  in  the  axil  of  a  membranous  bract, 
Ithe  whole  spirally  arranged  round  the  axis;  each  carpel  possessing,  on  the 
'upper  face, at  the  base,  2  naked  ovules,  with  their  points  directed  towards 
'  the  base  of  the  carpel.  In  other  Abietinece  the  stamens  are  more  complex  : 
in  Cunninghamia  tlie  anther  is  3-celled ;  in  Araucaria  many-celled,  the 
locuh*   consisting  of  free  tubular  bodies  attached  by  their  apices  to  a 
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thickened  connective  at  the  upper  end  of  a  slender  filament ;  the  condition 
of  the  carpels  also  varies,  Araucaria  and  Dammara  having  but  i  ovule, 
Ounnmghamia  3,  and  other  genera  more.  A  diversity  also  appears  m 
the  cones,  from  the  different  ways  in  which  the  carpels  are  developed  :  in 
Pmw  sylvestris,  and  many  others,  the  upper  ends  become  thickened  into 
woody  heads  (apophyses)  meeting  in  a  valvate  manner,  forming  the 
"  tessellfe  "  of  the  continuous  surface  of  the  unopened  cone,  while  in  Abies, 
Cunninghamia,  &c.  the  upper  ends  of  the  ripe  carpels  overlap  in  an 
imbricated  manner.  ,  - 

In  Cupressinece,  the  stamens  of  Cupressus,  Juniperus,  Thuja,  &c.  are  ; 
peltate,  with  several  loculi  under  the  overhanging  connective ;  and  the 
carpels  representing  the  female  flowers  have  in  Thvja  2  ovules,  in  Cupressus 
mauy,  in  Juniperus  2  or  only  1  erect  ovule  at  the  base  ;  in  Jumperus  the 
carpels  ripen  into  fleshy  structures,  cohering  together  so  as  to  form  a  kind  of 
berry ;  in  Callitris  the  cone  is  of  globose  form,  and  composed  of  4  peltate 
scales,  the  apophyses  of  which  meet  in  a  valvate  manner ;  the  same  is  the 
case  with  a  greater  number  of  valves  in  Cupressus,  while  Thuja  has  the 
scales  more  distinctly  imbricated,  but  still  with  thickened  apophyses, 
which  meet  in  a  valvate  manner  (like  those  of  Pinus  sylvestris). 

The  curious  fasciculate  arrangements  of  the  leaves  of  Pinus  (§  64), 
where  2, 3,  4  or  more  occur  together,  with  a  common  membranous  sheath 
at  the  base,  offer  valuable  distinctive  characters  for  the  species.  The 
affinities  of  the  Pinacese  are  with  Dicotyledons  by  their  habit  of  growth, 
although  there  is  an  essential  difference  in  the  internal  structure  of  their 
organs ;  the  inflorescence  of  this  and  the  associated  Orders  is  perhaps 
more  highly  organized  than  that  of  the  Cycadacere,  and  is  connected  with 
Phanerogamia,  on  the  one  hand,  by  the  presence  of  distinct  stamens  and 
carpels,  the  latter  producing  a  perfect  seed ;  while  the  nature  of  the  pro- 
cesses taking  place  in  the  development  of  the  embryo  (described  in  the 
Physiological  Part  of  this  work)  indicates  a  close  approach  to  the 
conditions  which  are  met  with  in  the  higher  Cryptogamia,  especially 
Selaginclla. 

Distribution. — A  considerable  Order  even  in  point  of  numbers,  its  re- 
presentatives are  met  with  in  all  parts  of  the  world,  the  species  of  Pinus, 
Abies,  and  Taxodium  growing  socially,  form  characteristic  forests  in  the 
northern  hemisphere. 

Qualities  and  Uses. — Most  valuable  as  timber  trees  and  as  sources  of 
important  resins  (turpentine,  pitch,  &c.)  used  in  the  arts,  and  aromatic  oils 
and  balsams  having  medicinal  properties. 

Pinus  includes : — P.  sylvestris,  the  Scotch  Fir  (North  Europe)  ;  P.  Pi- 
naster, the  Cluster-pine,  a  less  hardy  tree  ;  P.  jialustris,  the  Swamp-pine  of 
Virginia;  P.  Tceda,  the  Frankincense-pine.  Pinus  Fremontiana,  P.  Lam- 
bertiana,  P.  Strobus,  Sec.  are  other  very  valuable  timber-trees,  attaining 
a  height  of  upwards  of  200  feet.  Pinus  Pinea,  the  Stone-pine  of  the  south 
of  Europe,  has  edible  seeds.  Abies  includes : — the  Norway  Spruce,  A.  ex- 
celsu  ;  tin:  Silver  Fir,  A.  pectinata  ;  Abies  balsamea,  Balsain-of-Gilead  Fir 
and  A.  canadensis,  Hemlock  Sp  ruce,  both.  North.- American.  Cedrus,  a  sub- 
genus of  Abies,  includes  the  Cedar  of  Lebanon  (Abies  Cedrus  ox  C.  Libani), 
and  the  Deodar  (C.  Deodara),  which  is  supposed  to  be  merely  a  variety  of 
the  last  named  ;  Lari.v,  another  subgenus,  includes  the  European  (Abies 
Larix  or  Larix  europma)  and  other  Larches,  characterized  by  deciduous 


406 


SYSTEMATIC  BOTANY. 


foliage ;  Araucaria  includes  the  enormous  Chilian  Pine,  A.  imbricata,  and 
the  Moreton-Bay  Pine,  A.  Bidwilli.  Eutassa  excelsa  is  the  celebrated 
Norfolk-Island  Pine.  Dammar  a  australis  is  the  Cowrie  Pine  of  New 
Zealand;  D.  orientate  the  Dammar  Pine  of  India.  Sequoia  (or  WelMng- 
tonia)  gigantea  is  aCalifornian  Pine,  attaining  a  height  of  300  feet;  Micro- 
codings tetragona  is  the  Huon  Pine  of  Tasmania. 

Juniperus  is  best  known  in  this  country  by  the  common  Juniper  shrub 
J.  vulgaris,  or  by  the  cultivated  Savine,  J.  Sabina ;  but  the  species  of  other 
countries  are  more  important,  as  J.  bermudiana  and  J.  virginiana,  the  "  Red 
Cedars,"  the  aromatic  wood  of  which  is  used  for  cabinet-making,  and  for 
blacklead  pencils  ;  J.  Oxycedrus,  a  Mediterranean  species,  forms  also  good 
and  durable  wood.  Thuja  occidentalis  and  orientalis  are  the  Arbor- vitse 
trees  of  our  shrubberies  ;  Cryptomeria  is  now  introduced  also  from  Japan ; 
Cupressns  sempervirens  is  the  common  Cypress ;  Callitris  quadrivalvis,  the 
Arar-tree  of  North  Africa,  has  odoriferous  and  durable  wood ;  C.  australis, 
is  the  Oyster-Bay  Pine  of  Australia.  Taxodium  distichum  is  the  Decidu- 
ous Cypress  of  the  United  States,  and  characterizes  the  Cypress-swamps  of 
the  Southern  States. 

Among  the  above,  turpentine,  resin,  and  pitch  are  derived  from  many ; 
important  kinds  of  resin  are  : — common  turpentine,  resin,  pitch,  and  Bur- 
gundy pitch,  from  Pinus  sylvestris ;  Venice  turpentine  from  the  Larch : 
Strasburg  turpentine  from  Abies  pectinata ;  Bordeaux  turpentine  from 
P.  Pinaster  &c. ;  Canada  Balsam  from  Abies  balsamea  and  A.  canadensis; 
'Saudarac  from  Callitris  quadrivalvis ;  Gum-Dammar  from  !)«»)»««;■«  ««- 
stralis  &c.  The  berries  of  Juniperus  vulgaris  are  aromatic,  and  are  used 
for  flavouring  gin  ;  they  are  diuretic ;  J.  Sabina  has  still  more  active  diu- 
retic properties ;  and  Cupressus  and  Tliuja  appear  to  have  poisonous  quali- 
ties. The  large  seeds  of  many  other  Pines,  besides  the  Stone-pine,  are 
eaten  locally,  in  a  fresh  state,  as  of  Araucaria  imbricata,  A.  Bidwilli,  &c. 


Order  CLX.  TAXACE^l.    The  Yew  Order. 


Class.  Coniferse,  Endl.    Class.  Gymnogens,  Lindl. 

524.  Diagnosis. — Trees  or  shrubs  with  narrow  rigid  leaves  or  broad 
leaves  with  forked  nerves,  unisexual  naked  flowers,  surrounded  by  imbri- 
cated bracts,  the  male  several  together,  composed  each  of  one  or  several 
coherent  anthers,  the  female  of  a  solitary  naked  ovule,  terminal  or  in  the 
axil  of  a  bract ;  the  seed  usually  surrounded  by  a  succulent  coat. 


Taxus,  L. 

Podocarpus,  DHer. 


Illustrative  Genera. 

Dacrydium,  Sol. 
Phyllocladus,  L.  C.Rich. 


Cephalotaxus,  Zucc. 
Salisburia,  8m. 


Affinities— The  relations  of  this  group,  sometimes  regarded  as  a  Sub- 
order of  the  Pinaceaj,  are  the  same  as  those  of  that  order ;  and  from  it 
these  plants  differ  chiefly  in  the  solitary  ovule  that  replaces  the  cone. 
The  leaves  of  Salisburia,  and  in  a  less  degree  those  of  other  genera,  are  very 
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similar  to  those  of  Ferns;  and  the  stamens  of  Taxus  closely  resemble  the 
sporanges  of  Equisetum.  „,.,.,  -, ,  l 

Distribution.— A.  smaU  group,  the  members  of  which  mhahit  temperate 
regions  generally,  or  mountains  in  the  tropics. 

Qualities  and  Uses.— Agreeing-  in  general  with  Pinacere,  Podocarpm, 
Dacrydium,  Taxus  (Yew),  &c.  yield  valuable  timber.  The  leaves  ot  the 
Yew  are  poisonous ;  but  the  pulp  of  the  berries  does  not  appear  to  share 
this  property.     The  fruits  of  Salisburia  adiantifolia  are  resinous  and. 


astringent. 


Order  CLXI.  GNETACE.E. 
Class.  Coniferse,  Midi.    Class.  Gymnogens,  Lindl. 

525.  Diagnosis.— Small  trees  or  shrubs  with  jointed  stems,  opposite, 
simple  netted-ribbed  or  minute  and  scale-like  leaves,  and  unisexual  (rarely 
hermaphrodite)  flowers  in  catkins  or  heads  ;  anthers  2-3-celled,  opening 
by  pores ;  female  flower  naked,  or  with  two  more  or  less  combined  scales, 
surrounding  1  or  2  naked  ovules ;  seed  succulent ;  embryo  with  2  cotyle- 
dons, in  the  axis  of  fleshy  albumen. 

Illustrative  Genera. 
Ephedra,  L.  Gnetuni,  L.     |     Welwitschia,  Hook.  f. 

Affinities. — This  Order  is  chiefly  interesting  as  furnishing  a  link  to 
connect  the  Coniferse  with  the  Dicotyledons,  since  the  plants  have  a 
truly  Gymnospermous  organization  of  the  flower,  while  in  general  struc- 
ture Ephedra  approaches  to  Casuarina,  and  Gnetum  to  CJdoranthus.  They 
are  destitute  of  the  resin  so  characteristic  of  Conifers.  The  ovule  presents 
the  curious  peculiarity  that  a  third  integument,  immediately  investing 
the  nucleus,  grows  out  into  a  long  process  like  a  style,  and  which  projects 
from  the  foramen  of  the  outer  coat.  Welwitschia  mi?-abilis,a,  native  of  desert 
regions  in  south-western  Tropical  Africa,  where  it  was  discovered  by  the 
botanist  whose  name  it  bears,  is,  in  many  respects,  the  most  interesting 
flowering  plant  now  in  existence.  It  consists  of  a  woody  trunk,  about 
2  feet  high,  with  a  long  woody  root,  and  terminating  above  in  an  irre- 
gularly lobed  saddle-like  mass,  4^5  feet  in  diameter.  From  a  groove 
beneath  the  edge  of  this  is  given  off,  on  each  side,  a  broad  leathery  leaf, 
some  6  feet  long,  and  split  into  numerous  thongs.  These  leaves  are 
supposed  to  be  the  persistent  cotyledons;  and  no  others  are  produced, 
though  the  plant  attains  an  age  of  at  least  a  hundred  years,  and  probably 
more.  The  disk  at  the  top  of  the  stem  is  marked  by  concentric  lines. 
The  inflorescence  consists  of  cones  borne  on  forked  branches  which  ori- 
ginate from  the  edge  of  the  disk.  The  cones  contain,  some  female  flowers 
others  male  flowers ;  the  latter  with  an  abortive  ovule  occupying  the  ex- 
tremity of  the  axis._  The  female  flower  is  similar  in  essentials  to  that  of 
Gnetum;  the  male  is  quite  distinct  from  any  thing  else.  It  consists  of  a 
erianth,  as  in  the  male  flowers  of  Ephedra,  enclosing  six  stamens,  united 
y  their  filaments  into  a  short  tube,  and  bearing  globose  anthers,  which 
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open  by  a  3-rayed  chink.  In  the  centre  of  the  flower  is  a  body  like  an 
ovary,  wi ith a  terminal  style-like  prolongation  and  an  expanded  stiff  ma 
lhis  pistil-like  structure  invests  the  nucleus  of  the  ovule,  which  in  this 
case  is  destitute  of  embryo-sac  aud  embryo.  The  ovary-like  body  in 
this  flower  is  shown,  from  its  mode  of  development  and  structure  to  be 
homologous  with  the  coat  of  an  ovule,  aud  not  to  possess  the  character- 
istics 01  an  ovary,  except  so  far  as  superficial  resemblance  is  concerned 


The  long  styliform  process  is  similar  to  that  which  occurs  in  the  ovule  of 
Ephedra.  The  ovule,  then,  of  Welwitschia  is  strictly  Gyinnospermous, 
like  those  of  Conifera?.  The  structure  of  the  stem  belongs  to  the  Dicoty- 
ledonous type,  but  having,  in  addition  to  the  other  bundles,  scattered 
vessels  passing  through  the  parenchyma,  as  in  Monocotyledonous  stems. 
Among  the  ordinary  parenchymatous  cells  occur  "  spicular  "  cells  of  large 
size  and  irregular  branching  form ;  these  are  covered  on  the  outside  with 
rhomboidal  crystals  of  carbonate  of  lime.  Similar  cells  occur  in  Aruu- 
caria. 

Distribution. — Ephedra  occurs  in  Europe,  Asia,  and  South  America,  in 
temperate  regions ;  Gnetum  in  tropical  India  and  in  Guiana. 

Qualities  and  Uses. — Unimportant ;  the  branches  and  flowers  of  some 
Ephedra  were  formerly  used  as  a  styptic  drug. 


Oeder  CLXII.  CYCADACE.E. 

Class.  Zamise,  Etidl.    Class.  Gymnogens,  Lindl.    Subclass.  Gymno- 
spermere,  Benth.  et  Hook. 

526.  Diagnosis.— Palm-like,  dwarf  trees  with  simple  trunks, 
having  the  internodes  undeveloped,  the -surface  tessellated  with  the 
scars  of  the  fallen  leaves ;  leaves  clustered  at  the  summit,  pinnate, 
parallel-ribbed,  more  or  less  hard  and  woody,  circinate  in  ver- 
nation; dioecious,  the  flowers  in  cones;  the  anthers  covering  the 
under  surface  of  the  malo  cone-scales ;  female  flowers  cither  peltate 
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scales  with  ovules  beneath,  or  flat  scales  with  ovules  at  the  base,  or 
somewhat  leaf-like  scales  with  the  ovules  on  the  margins;  seeds 
with  a  hard  or  succulent  coat,  containing  1  embryo  or  several,  in  fleshy 
or  mealy  albumen. 


Affinities;— With  the  habit  and  appearance  of  Palms,  especially  in  the 
genus  Stangeria,  these  plants  agree  with  Pinaceas  in  the  essential  pecu- 
liarities of  'the  organization  of  their  flowers  and  seeds,  while  the  distri- 
bution of  the  reproductive  organs  over  the  leaf-like  carpels  and  antkeri- 
ferous  scales  in  Cycas,  together  with  the  circulate  vernation,  connect  this 
Order  with  the  Ferns,  thus  strengthening  the  relation  between  the 
Gymnosperniia  and  the  higher  Cryptogamia,  which  is  so  evident  in  the 
affinities  between  Pinacea  and  Lycopodiaceas.  Some  difference  exists 
in  the  condition  of  the  reproductive  organs.  The  fiower-cones,  composed 
of  imbricated  scales,  appear  to  be  axillary  productions  in  Zamia ;  but  in 
Cycas  they  are  formed  from  the  terminal  bud,  which  subsequently  grows 
on  (as  in  the  Pine-apple),  so  that  here  the  terminal  inflorescence  does  not 
arrest  the  growth  of  the  axis :  the  formation  of  cones  occurs  at  intervals ; 
and  when  the  scales  fall  ofl"  after  the  pollen  or  the  seeds  are  mature,  the 
stem  is  found  marked  alternately  with  bands  of  scars  of  two  kinds,  those 
of  the  true  leaves  and  those  of  the  floral  leaves  (carpels  and  stamens).  In 
Zamia  the  cones  are  lateral,  like  the  spadices  of  many  Palms.  In  Cycas 
the  female  cones  are  formed  of  large  flat  leafy  carpels,  with  ovules  arranged 
at  some  distance  apart  on  the  margins;  the  male  cones  are  likewise 
formed  of  leafy  scales,  bearing  numerous  anthers  (or  loculi)  scattered  over 
the  lower  surface,  the  loculi  being  commonly  grouped  in  fours  like  the 
sporanges  of  Mertensia.  In  Zamia  the  cones  more  nearly  resemble  those 
of  Pinaceae ;  the  male  cones  are  formed  of  peltate  scales  (with  an  apophysis 
as  in  the  ripe  cones  of  Cupressus)  with  the  pollen-cases  under  the  over- 
hanging head ;  the  female  cones  are  composed  of  somewhat  peltate  scales 
bearing  only  a  pair  of  ovules  at  the  base. 

Distribution. — Tropical  and  temperate  parts  of  Asia  and  America; 
Africa,  especially  near  the  Cape  of  Good  Hope,  Madagascar,  and  Australia. 

Qualities  and  Uses. — The  chief  value  of  these  plants  is  as  sources  of 
a  kind  of  Arrow-root  or  Sago,  consisting  of  the  starch  washed  from  the 
internal  parenchyma  of  the  trunks,  or  obtained  from  the  mealy  albumen 
of  the  seeds.  Cycas  revoluta  and  C.  circinalis  are  "  Sago  "  plants  in  Japan 
and  the  Moluccas ;  various  species  of  Encephalartos  form  what  is  called 
"  Caffer-bread "  at  the  Cape;  Dion  edule  (seeds)  furnishes  a  kind  of 
Arrow-root  in  Mexico. 


Cycas,  L. 
Dion,  Lindl. 


Illustrative  Genera. 
Zamia,  L. 

Encephalartos,  Lehm. 


Macrozamia,  Miq. 
Stangeria,  Moore. 
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Subkinqdom  II.  CRYPTOGAMIA,  or  FLOWERLESS  PLANTS. 

527.  Plants  producing  sexual  organs,  but  neither  stamens,  pistils, 
nor  seeds.  Embryo  simple,  homogeneous,  not  divided  into  distinct 
organs,  but  consisting  of  a  single  cell. 

The  plants  included  under  the  above  head  are  divided  into  a  great 
number  of  subdivisions,  which,  although  all  connected  tog-ether  by  the 
characters  above  cited,  yet  differ  exceedingly  in  the  minor  details  of  their 
conformation  (see  p.  153,  §§  305  &  306),  on  which  account  it  is  desirable  to 
treat  of  the  morphological  details  of  each  group  at  greater  length  than  in 
the  case  of  the  corresponding  groups  of  Phanerogams.  The  functional 
peculiarities  are  likewise  separately  treated  in  the  physiological  portion  of 
this  work. 

Division  I.  Angiosporae. 

528.  Cryptogamous  plants  possessing  true  stems  and  leaves  (fronds), 
producing  their  spores  in  "  sporangia "  or  spore-cases,  which  are 
themselves  sometimes  enclosed  within  spore-fruits — "  conceptacles 
or  sporocarps."  Antheridia  producing  spirally  twisted,  ciliated 
"  antherozoids  "  or  "  spermatozoids."  Spores,  when  germinating, 
producing  a  "  prothallus,"  on  which  the  "  archegonia "  or  female 
organs  are  formed,  which  are  fertilized  by  the  antherozoids. 

Angiosporous  Cryptogams,  as  above  defined,  correspond  for  the  most 
part  to  the  Acrogens  of  other  botanists.  The  woody  tissue  includes 
vascular  as  well  as  cellular  elements,  and  increases  chiefly  by  addition  to 
the  summit,  as  will  be  further  explained  under  the  head  of  Minute 
Anatomy  and  Physiology.  The  plants  manifest  in  the  germination  of 
the  spores  a  sort  of  alternation  of  generations :  first  a  protballus  is  deve- 
loped, on  which  the  true  female  organ  is  formed  and  fecundated  by  the 
antherozoids,  which  latter  are  either  formed  on  the  primary  plant,  or  on 
the  prothallus  with  the  archegonia. 

Class  I.  SPOROGAMTA. 

529.  Angiosporous  Cryptogams,  producing  two  kinds  of  spores : — 
"microspores,"  containing  spiral  spermatozoids ;  and  "macrospores," 
which  in  germinating  form  a  "prothallus,"  and  on  which  the  arche- 
gonia are  formed. 

This  class  includes  the  Orders  Marsileaceae  and  Lycopodiacere,  asso- 
ciated under  this  name  on  account  of  the  similarity"  of  their  modes  of 
reproduction.  They  produce  spores  of  two  kinds,  called  respectively 
macro-  and  microspores :  the  former  give  origin  to  the  spore ;  the  latter 
are  "  antheridia,"  in  which  are  formed  "  antherozoids."  The  spore  emits 
a  "prothallus,"  on  which  is  borne  one  or  more  archegones,  analogous  to 
ovaries  and  containing  a  cell  which  is  fertilized  by  the  antherozoids. 
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Order  CLXIII.  MARSILEACE.E. 

Class.  Hydropterides,  Endl.    All.  Lycopodales,  Lindl. 

530.  Diagnosis. — Creeping  or  floating  herbs,  with  an  inconspicuous 
stem  bearing  stalked  or  sessile  leaves,  circinate  in  vernation ;  sporo- 
carps  stalked,  situated  at  the  base  of  the  leaves  or  leaf-stalks,  and  2-4- 
celled,  2-4-valved,  containing  antheridia  (microspores)  and  spo- 
rangia in  different  compartments  of  the  same  fruit,  or  1-celled  with 
tbe  antheridia  and  sporangia  in  separate  sporocarps,  and  springing 
from  a  central  placenta ;  spore  producing  a  prothallus,  on  which  are 
one  or  more  arcbegonia. 

The  Marsileaceae,  of  which  Pilularia  is  our  only  native  example,  are 
small  herbaceous  plants,  growing  in  the  mud  at  the  margins  of  ponds,  or 
floating  in  stagnant  pools.  Their  stem  is  little  developed,  consisting  in 
the  terrestrial  forms  of  a  slender  creeping  rhizome  with  tufts  of  filiform 
adventitious  roots ;  in  the  aquatic  forms  it  is  a  mere  basis  for  the  tufts 
of  leaves.  The  leaves  are  small,  filiform  in  Pilularia,  ovate  in  Salvinia, 
and  of  remarkable  quaternate  form  in  Marsilea.  The  fruits  consist  of 
capsules  of  globular  or  oval  form  {sporocarps,  conceptacles,  or  spore-fruits), 
borne  on  stalks  which  arise  at  the  bases  of  the  leaves  or  leaf-stalks.  In 
Pilularia  and  Marsilea  the  spore-fruits  are  divided  into  chambers,  which 
contain  the  two  kinds' of  spores  in  distinct  sac-like  cases  [thecce).  In  Pilularia 
the  sporocarp  bursts  into  two  or  four  valves,  and  liberates  a  mucilaginous 
substance  in  which  are  intermixed  the  micro-  and  macrospores.  In  Mar- 
silea the  sporocarp  bursts  in  a  similar  manner  to  give  exit  to  a  mucous 
thread  or  stalk,  bearing  oblong  sporanges  or  spore-cases,  some  of  which 
contain  large,  others  small  spores.  In  Salvinia  and  Azolla,  the  spore- 
fruits  are  of  two  kinds,  and  produce  respectively  antheridia  and  sporangia. 
The  antheridia  contain  antherozoids  like  those  of  Ferns. 

Affinities,  &c. — The  organization  of  the  reproductive  organs  in  this 
Order  is  the  highest  met  witli  in  Cryptogamia,  the  sporanges  being 
enclosed  in  capsules  stalked  upon  the  main  stem.  Salvinia  and  Azolla  are 
sometimes  included  in  a  distinct  group,  Salviniece,  distinguished  from  the 
true  Marsileacese  in  habit,  in  the  circumstance  that  their  reproductive 
organs  occupy  separate  conceptacles,  the  conceptacle  itself  being  1-celled, 
with  a  central  placenta,  and  destitute  of  the  gefatinous  body  so  character- 
istic of  Marsileas.  Moreover  the  prothallus  bears  more  than  one  arche- 
£°nium-.  The  species  are  not  very  numerous,  but  are  widely  diffused, 
chiefly  in  temperate  climates.  They  have  no  known  properties.  The 
iNardoo  of  Australia  (Marsilea  sahatrix)  belongs  to  this  family ;  its  spores 
nave  been  eaten  in  cases  of  scarcity. 
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Order  CLXIV.  LYCOPODIACEjE.  Club-Mossks. 

Class.  Selagines,  JEndl.    All.  Lycopodales,  Lindl. 

531.  Diagnosis. — Herbaceous  plants  with  creeping  stems,  branch- 
ing in  a  bifurcate  manner,  clothed  with  small,  usually  closely  imbri- 
cated leaves.  Sporanges  in  the  axils  of  more  or  less  metamorphosed 
leaves,  often  arranged  in  cone-like  spikes  (stalked  or  sessile)  formed 
from  one  of  the  branches  of  a  bifurcation  of  the  stem ;  sporanges 
1-3-celled,  of  two  kinds  (Selaginella),  producing  either  4  large 
ovulary  spores  or  numerous  small  antheridial  spores. 

Illustrative  Genera. 


Tmesipteris,  Bernh. 
Psilotum,  Sio. 


Lycopodium,  L. 
Selaginella,  Spring. 


The  Lycopodiacete,  including  the  Lycopodiecs  and  also  the  Iso'etece, 
are  distinguished  by  their  sporanges  being  sessile  in  the  axils  of  leaves  or 
bracts,  which  are  often  collected  into  a  kind  of  inflorescence  like  the  cone 
of  Firs. 

Fig.  456. 


_  ..      »T»m,i;a«,.  „  frnirnient  of  Selaginella  helvetica,  with  fruit-spikes;  ft,  a  por- 

Organizat.onof  Lycopodiea:  .-a ■£W™fi£*dium  amwtinum;  ,1.  fruit-scale  ofX.  imm- 
dZm  4it^xfLt?porange  e? he  spomn/e  bursting ;  /,  spores  from  . :  „.  sporangc  and 
fm, Kres"  *  grange  with  quaternary  large  spores;  and  i,  the  some,  Wst;  alT  from 


Bmall  sporeB;  h,  sporange 
Selaginella  helvetica. 


The  Luamodiete  have  slender  stems  characterized  by  a  bifurcntim 
mode  of  ramification  (fig.  450,  a).   In  the  Lycopodia  the  stems  are  hare 
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and  woody,  in  the  Selaginella;  usually  very  delicate.  _  They  produce 
solitary  adventitious  roots  at  the  forks,  and  are  covered  with  small  imbri- 
cated leaves,  all  alike  and  arranged  spirally  in  Lycopodium,  but  ot  two 
kinds  and  arranged  in  peculiar  vertical  rows,  giving  a  flattened  aspect  to 
the  stem,  in  Selaginella  (fig.  456,  b) ;  the  smaller  leaves  here  are  regarded 
by  some  authors  as  stipules.  . 

The  fertile  leaves  of  many  Lycopodia  and  Selaginella:  are  collected  m 
slender-stalked  or  sessile  cones  or  strobiles  (fig.  456,  c).  The  spores  are 
contained  in  depressed  oval  cases,  seated  in  the  axils  of  these  leaves  (d)  ; 
and  in  Lycopodium  only  one  kind,  containing  a  large  number  of  spores, 
resembling  pollen-grains,  has  been  found  (e,  /)  ;  in  Selaginella,  however, 
microspores  or  antheridia  are  formed,  and  the  lowest  bract  in  each  cone 
is  found  to  subtend  a  sporange  containing  four  much  larger  spores  (macro- 
spores)  (A,  i)  ;  these  last  are  the  kind  which  germinate  and  reproduce  the 
plant,  producing  in  the  first  instance  a  prothallus,  on  which  archegonia 
are  produced  and  are  fertilized  by  antherozoids  like  those  of  Ferns  and 
formed  within  the  microspores.  The  reproduction  of  Lycopodium  has  not 
been  observed. 

Lycopodiece  seem  to  have  attained  far  greater  dimensions  in  former  ages ; 
the  fossil  trunks  of  trees  called  Lepidodendra  appear  to  have  belonged  to 
plants  of  this  family,  and  which  must  have  rivalled  the  arborescent  Ferns. 
At  present  they  are  herbaceous  plants,  the  hardy  Lycopodia  mostly  creep- 
ing on  the  ground,  the  more  delicate  Selaginella:  either  creeping  or  climbing 
over  low  objects,  in  damp  and  warm  climates. 

Affinities,  &c. — The  immediate  relations  of  this  Order  are  with  Isoe- 
tacese,  which  scarcely  differ,  except  in  the  organization  of  the  vegetative 
structure,  and  in  the  larger  number  of  the  macrospores.  A  most  distinct 
affinity  exists  with  Pinacese  in  the  cone-like  spikes,  as  well  as  the  deve- 
lopment of  the  embryo  in  the  larger  spores.  The  Club-mosses  are  generally 
diffused : — the  species  of  Lycopodium  in  temperate  and  cold  climates ;  the 
Selaginella}  in  warm  regions,  being  especially  abundant  and  large  in  warm 
damp  localities  like  the  Indian  islands.  Some  kinds  are  apparently  dangerous 
or  poisonous :  L.  clavatum  has  been  used  as  an  emetic ;  L.  Selago  and  L. 
catJiarticum  are  purgatives ;  the  latter  is  very  violent  in  its  action.  The 
Selaginella)  are  very  elegant  plants,  much  valued  in  cultivation,  in  associ- 
ation with  Ferns,  and  in  moist  stoves  on  account  of  the  bright  and  deli- 
cately formed  foliage.  One  or  two  of  the  species  roll  up  their  fronds 
when  dry,  and  unfold  them  again  when  placed  in  water,  owing  to  the 
rapid  absorption  of  the  fluid,  whence  they  have  been  called  Kesurrection 
plants. 


Order  CLXV.  ISOETACEiE.  Quill-worts. 

Class.  Selagines,  Endl.    All.  Lycopodales,  Lindl. 

532.  Diagnosis. — Tufted  aquatic  or  marsh  herbs,  growing  from  a  peren- 
nial conn-like  stem,  supporting  linear  cylindrical  leaves  of  delicate  tex- 
ture, producing  nnnuallv,  in  the  axils  of  successive  cycles  of  the  leaves 
sporanges  which  are  immersed  in  the  substance  of  the  inner  face  of  the 
leaf  and  divided  internally  into  chambers  by  more  or  less  perfect  septa  • 
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some  of  the  sporanges  produce  small  antlieridial  spores,  others  (fewer) 
large  spores. 

Illustrative  Genera. 
Isoetes,  L.  \        ?  Phylloglossum,  Eze. 

The  Isoetece  are  represented  by  a  genus  of  plants  growing  in  the  mud 
at  the  bottom  of  pools.  Their  stems  consist  of  a  kind  of  corm,  of  peren- 
nial duration  and  of  woody  structure  when  old,  producing  adventitious 
roots  on  the  underside,  like  the  conns  of  the  Flowering  plants,  and  send- 
ing up  tufts  of  leaves  from  a  single  terminal  bud.  The  leaves  are  very 
delicate,  of  cylindrical  form,  and  contain  longitudinal  air-chambers ;  they 
are  expanded  into  a  kind  of  sheath,  "phyllopod,"  at  the  base  where 
attached  to  the  corm ;  and  in  their  axils,  more  or  less  imbedded  in  the 
Substance,  are  the  sporanges,  sacs  divided  into  several  chambers,  some 
filled  with  numerous  small  pollen-like  spores,  others  containing  a  small 
number  of  large  spores,  resembling  the  quaternary  spores  of  Selaginella, 
and,  like  them,  producing  the  prothallus  on  which  the  archegonia  or 
female  organs  are  placed.    The  antherozoids  are  like  those  of  Fems. 

Affinities. — Nearly  related  to  Lycopodiacese,  with  which  their  reproduc- 
tive organization  agrees  in  all  essential  respects — but  differing  strikingly 
in  habit,  especially  in  the  character  of  the  stem,  which  is  externally  like 
a  corm,  but  in  reality  is  a  perennial  woody  caudex  increased  in  size  by 
successive  annual  growths.  PhgUoglossum  would  appear  to  be  exactly 
intermediate  between  Isoetes  and  Selaginella,  having  the  leaves  and  stem 
of  the  first,  with  a  stalked  spike,  like  the  second :  perhaps  this  and  the  last 
Order  should  be  conjoined.  The  species  of  Isoetes  are  generally  diffused 
in  the  northern  hemisphere.    They  have  no  known  properties. 


Class  II.  THALLOGAMIA. 

533.  Angiosporous  Flowerless  plants  producing  spores  of  one  kind 
in  sporanges  placed  on  the  leaves  or  on  the  stem ;  the  spore  germi- 
nating into  a  green  cellular  prothallium  (like  a  Bicda),  on  which  are 
developed  antheridia  and  archegonia,  the  latter  giving  origin  to  a 
leafy  stem  ;  antherozoids  spiral. 

This  class  comprises  the  Ferns  and  the  Equiseta,  or  Horse-tails,  two 
groups  which  are  connected  together  by  the  phenomena  presented  in  the 
germination  of  their  spores,  and  by  their  producing  these  organs  in  one 
kind  only.  While  the  Sporogamia  have  what  may  be  called  male  and 
female  spores,  the  Fems  and  Horse-tails  are  furnished  with  spores  of  only 
one  kind,  which  germinate  and  produce  an  Algoid  frond  called  a  prothat- 
his,  upon  which  are  developed  the  sexual  organs,  the  archegonia  and  an- 
theridia. When  an  archegonium  is  fertilized,  it  gives  birth  to  a  kind  of 
embryo,  which  assumes  the  character  of  a  bud,  sends  out  leaves  (or  stems) 
and  roots,  and  grows  up  into  the  form  of  the  parent  plant,  while  the  genn- 
frond  or  prothallus  dies  away.  , 

The  Filices  and  the  Equisetacere  are  very  unlike  in  their  fully  developed 
conditions:  in  the  former  the  leaves  ore  the  predominant  organs ;  in  the 
latter  the  leaves  are  almost  abortive,  and  the  stem  is  highly  developed. 
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Order  CLXVI.  EQUISETACELE.  Horse-tails. 


Class.  Oalamarise,  Eudl.   All.  Muscales,  Lindl. 

534.  Diagnosis. — Herbaceous  plants  with  slender,  jointed,  some- 
times nodular,  subterraneous  rhizomes,  sending  up  at  intervals  fistular 
jointed  stems,  bearing  whorls  of  scales  (leaves)  at  the  joints,  where 
tbey  are  sometimes  verticillately  branched  ;  stems  either  barren  or 
fertile,  the  latter  terminating  in  a  clavate  joint  covered  with  spor- 
anges,  consisting  of  peltate  bodies  (fig.  457,  c,  d)  with  dehiscent 
spore-chambers  under  the  overhanging  head.  Spores  of  one  kind, 
with  4  elastic  filaments,  "  elaters,"  formed  by  the  spiral  fission  of 
the  outer  coat  of  the  spore  (fig.  457,  e,  j). 

Illustrative  Genus. 

Equiseturn,  L. 
at  present 


single  genus, 
assemblage  of 


The  Equisetacese 
existing  consist  of  a 
Equiseturn,  a  small 
herbaceous  plants  growing  in  marshy 
places,  baviDg  a  creeping, subterrane- 
ous, jointed,  but  solid  rhizome  (fig. 
457,  a),  from  which  arise  erect  shoots 
or  stems  of  peculiar  aspect,  and 
usually  of  grej'ish-green  colour. 
They  are  striated  longitudinally, 
jointed  at  intervals,  with  circles  of 
small  and  narrow  membranous  scales, 
representing  the  leaves,  at  the  joints 
(fig.  457,  a,  g),  and  they  are  fistular, 
like  the  stems  of  Grasses.  They  are, 
moreover,  traversed  by  a  number  of 
air- canals  varying  in  number  and 
disposition  in  the  several  species. 
The  stems  are  sometimes  simple, 
sometimes  compound,  bearing  whorls 
or  branches  at  the  nodes  (g),  which 
branches  resemble  the  main  stem  in 
character,  and  frequently  branch 
again  in  a  similar  manner  at  their 
nodes.  The  erect  stems  are  either 
fertile  or  barren ;  in  some  species  the 
fertile  stems  are  short  and  simple, 
while  the  barren  stems  are  tall  and 
provided  with  numerous  whorls  of 
spreading  compound  branches  (E. 
Jluviatde).  The  fertile  stems  termi- 
nate m  a  kind  of  club  or  spike  (fig. 
457,  a,  b),  composed  of  a  short  a.\?s 
closely  covered  with  sjwangcs  (c)  ; 


Fig.  457. 


Organization  of  Equisetaccse :— a,  fertile 
stem  of  Equiietum  an-ense,  arising  from 
the  rhizome ;  b,  fruit-mike  (nat.  size) : 
c  transverse  section  of  do.,  showing  how 
the  sporanges  are  atlaohed  to  the  axis  i 
d.  a  aporange,  seen  from  beneath.!  s,  a 
spore;  /,  the  same,  with  its  "elatera" 
uncoiled;  g,  fragment  of  the  branched 
stem  of  E.  paluetre. 
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these  are  little  peltate  or  mushroom-shaped  hodies  (c,  d),  attached  by 
their  stalks  to  the  central  axis,  and  bearing  under  the  overhanging  head  a 
circle  of  vertical  tooth-like  pouches  (d),  resembling  the  anther-cells  of 
Thuja,  and  which  burst  by  a  vertical  slit  on  the  inside  to  emit  the  spores 
when  ripe.  The  spores  are  furnished  with  remarkable  filiform  processes, 
I  called  elaters  (fig.  457,  e,  /),  consisting  of  four  short  filaments  attached 
at  one  side,  coiled  spirally  round  the  spore  before  it  is  mature,  and  un- 
winding with  elasticity  when  the  spore  is  discharged  from  the  sporange. 
The  erect  stems  die  to  the  ground  annually,  while  the  rhizome  continues 
its  growth  by  buds. 

Affinities,  &c. — The  plants  of  this  Order  belong  all  to  a  single  genus, 
which  is  very  unlike  any  other  form  of  Cryptogamous  plants.  In  external 
appearance  the  stems  have  no  little  resemblance  to  those  of  Ephedra  and 
Casuarina ;  but  their  internal  organization  is  totally  different.  The  spikes 
of  sporanges  also  are  very  like  the  male  cones  of  Zamia  among  the  Gym- 
nospermous  Phanerogamia ;  but  the  spores  of  Equisetum  are  furnished 
with  spiral  filaments,  forming  a  structure  quite  peculiar  to  the  Order. 
In  conjunction  with  the  fistular  erect  stems,  having  a  slight  similarity  to 
those  of  Grasses,  we  find  in  Equisetum,  as  in  that  Order,  a  deposit  of  silex 
in  the  epidermal  tissues,  and  in  E.  hyemale  so  abundant  that  the  ashes  of 
the  stem  form  a  good  polishing-powder,  like  fine  tripoli.  In  the  history 
of  the  development  of  their  spores  these  plants  agree  essentially  with  the 
Ferns  (see  Physiology).  The  Equisetaceae  are  found  in  wet  places  in 
most  parts  of  the  globe. 


Order  CLXVII.  FILICES.  Ferns. 

Class,  Filices,  Endl.    All.  Filicales,  Lindl. 

535.  Diagnosis. — Herbs  with  a  subterraneous  rhizome,  or  trees 
with  an  unbranched  caudex,  with  well-developed,  generally  more  or 
less  divided  or  compound  leaves,  circinate  in  vernation,  and  all  or  part 
of  which  bear  clusters  of  snoranges  (sori)  upon  the  lower  surface  (fig. 
458,  a,  b,  cl)  or  at  the  margins  (g),  seated  upon  branches  of  the  veins. 
The  sori  are  naked  (6)  or  covered  at  first  by  a  variously  formed 
dehiscent  or  separating  membranous  srrncinreJmcZp^n.  d,  e)  which 
is  continuous  with  the  epidermis  of  the  leaf. 

Illustrative  Genera. 

Asplenium,  L. 
Scolopendrium,  Smith. 
Lastaea,  Presl. 
Aspidium,  Swartz. 
Cystopteris,  Bernh. 
Tribe  2.  Cyathee.e.  Sporanges 
sessile,  more  or  less  elevated  on  a 
common  receptacle;  anmdus  vertical. 
Alsophila,  It.  Br. 
Cyathea,  Smith. 


Tribe  1.  PoLYPonnciE.  Sporanges 
stalked,  with  a  vertical  anmdus. 


Acrostichum,  L. 
Gyinnogramma,  Desv. 
Ceterach,  Adans. 
Polypodium,  L. 
Adiantum,  L. 
Pteris,  L. 
Allosorus,  Bernh. 
Blechnum,  L. 
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Tribe  3.  Parkehie.'e.  Sporanges 
thin,  with  a  broad,  imperfect,  vertical 
annulus. 

Ceratopteris,  Brongn. 

Parkeria,  Hook. 
Tribe  4.  IIysienophyile^e.  Spo- 
ranges oh  an  axis  produced  by  the 
excurrence  of  a  vein  beyond  the  mar- 
gin of  the  leaf;  annulus  horizontal  or 
oblique. 

Hyinenophylluni,  Smith. 

Trichonianes,  L. 
Tribe  5.  Gleichente-s:.  Spo- 
ranges commonly  arranged  in  fours 
in  the  dorsal  sori,  nearly  sessile,  with 
a  transverse  or  oblique  annidus; 
bursting  vertically  on  the  inside. 

Gleichenia,  Smith. 

Mertensia,  Willd. 
Tribe  6.  Schizjee-s:.  Sporanges 
dorsal :  the  annulus  in  the  form  of  a 
cap  on  the  summit;  dehiscence  ver- 
tical. 

Schizfea,  Smith. 
Lygodiurn,  Sivartz. 


Tribe  7.  OsMTjNDEiE.  Sporanges 
stalked,  dorsal,  or  arranged  on  pinna 
assuming  a  spiked  or  paniculate  aspect 
from  the  absence  of  parenchyma  be- 
tween the  veins ;  annulus  incomplete, 
dorsal ;  dehiscence  across  the  vertex. 

Osmunda,  L. 
Todea,  Willd. 

Tribe  8.  Mahattie^i.  Sporanges 
free,  closely  packed  in  two  rows,  or  in 
a  circle,  or  soldered  together  so  as  to 
resemble  a  many-celled  capsule,  each 
cell  opening  by  a  pore ;  annulus  none. 

Angiopteris,  Hoffm. 

Marattia,  Sm. 

Dansea,  Sm. 

Tribe  9.  Ophioglosse^:.  Leaves 
not  circulate ;  sporanges  2-valved,  on 
the  sides  of  a  spike  or  scape,  lohich  is 
simple  or  branched ;  annulus  none. 

Opbioglossurn,  L. 
Botrychiurn,  Swartz. 


The  Filices  or  Ferns  exbibit  a  far  greater  variety  of  conditions  tban 
tbe  Horse-tails.  Tbeir  most  remarkable  character  is  tbe  great  develop- 
ment of  the  leaves,  the  stem  being  represented  in  most  cases  by  rhizomes, 
although  in  some  of  the  exotic  forms  it  becomes  a  real  trunk,  rising  above 
the  ground  in  a  manner  analogous  to  the  trunks  of  Palms  (fig.  29). 

The  rhizomes  of  the  herbaceous  kinds  are  subterranean,  and  grow 
either  horizontally  or  vertically.  In  the  former  the  intemodes  are  either 
developed  or  undeveloped ;  when  they  are  developed,  the  leaves  arise 
singly  from  the  ground,  as  in  the  common  Brake-fern  (Pteris)  and  Poly- 
podium  vulgare  (fig.  458,  a) ;  when  the  internodes  are  undeveloped,  the 
leaves  are  tufted,  which  is  always  the  case  when  the  rhizome  is  erect,  as 
in  Athyrium  Filix-fozmvna ;  and  the  arborescent  kinds  likewise  exhibit 
the  tufted  growth  of  the  leaves  from  a  terminal  bud,  with  little  develop- 
ment of  the  internodes.  The  rhizomatous  stems  frequently  branch,  in 
which  case  the  stem  bifurcates,  as  in  the  Lycopodiacese. 

The  leaves  of  the  Ferns  resemble  those  of  the  Phanerogamia  in  their  es- 
sential structure  ;  they  are  very  remarkable  for  their  multifold  compound 
forms.  The  venation  or  ribbing  exhibits  a  peculiarity,  the  ramification 
of  the  veins  in  the  lamina}  being  on  a  bifurcated  plan  (fig.  458,  b,  d),  and 
the  subdivisions  retaining  an  equal  size.  The  leaves  are  also  characterized 
by  the  c^inate  vernation  (§  113)  which  is  almost  universal  in  the  Order 
the  only  exertion  being  found  in  the  OjMorjhssm. 

The  fructification  or  sporiferous  apparatiTs1  oi'lne  Ferns  is  produced  upon  1 
the  leaves ;  and  it  presents  a  great  variety  of  modifications,  which  serve  to 
characterize  the  principal  subdivisions  of  the  Order.    The  spores  are  formed  ! 
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in  spore-cases  or  tporanget,  little  membranous  sacs  attached  by  a  pedicle 
to  the  lower  surface  of  the  eaf  (fig.  458,  b,  c,  i,  &c.),  or  t7a  l?i fi of 
skeleton  ot  the  leaf  in  which  the  .parenchyma  is  suppressed  (o)  These 
spore-cases  diiler  in  some  essential  particulars  of  structure,  in  the  mode  of 
attachment,  and  in  their  relations  to  each  other. 


Fig.  458. 


Organization  of  Ferns: — a,  plant  of  Polypodium  vulgare;  b,  fragment  of  a  pinna  with  naked 
sori;  c,  vertical  section  through  one  of  the  sori,  showing  the  attachment  of  the  sporanges 
to  the  leaf;  d,  portion  of  a  pinnule  of  Lnslrcea  Filix-mas,  the  sori  covered  with  induna; 
e,  vertical  section  through  a  sorus  of  the  same,  showing  the  attachment  of  the  indusium 
and  sporanges ;  J",  vertical  section  of  a  cup-shaped  indusium  and  sorus  of  Cyathea ;  g,  mar- 
ginal sorus  of  Hymenophyllum ;  h,  the  same,  with  one  valve  removed,  to  show  the  attach- 
ment of  the  sporanges;  i,  sporange  of  Polypodium,  bursting;  k,  sporange  ot  Hymeno- 
phyllum; I,  sporange  of  Schizcea;  m,  group  of  sporanges  of  MertenMa ;  h,  sporange  of 
Oemunda;  o,  portion  of  the  fertile  lobe  of  the  frond  of  Botrychium  Lunaria,  with  the 
sporanges  buret ;  p,  spores  of  FernB. 

In  most  of  the  Filices  the  spore-cases  possess  an  muiuh/s  or  ring 
(fig.  458,  i),  an  incomplete  ring  of  thickened  cells  running  round  the 
sac,  and  assisting,  by  its  contraction  when  dry,  to  rupture  the  sac  and  set 
free  the  spores.  In  the  Poh/podiece  and  other  tribes  it  is  vertical  (fig. 
458,  i)  ;  in  the  Hymenophylleee  the  ring  is  oblique  and  unconnected  with 
the  basal  pedicle  \Jt)  ;  in  the  Gleichcniece  the  ring  is  horizontal  (hi)  ;  and 
in  the  Schizaecc  it  foriy^a  kind  of  cap  with  radiating  strife  on  the  top  of 
the  spore-case  (/) ;  in  Os»iidi(le(e~'the  ring  is  broad,  but  imperfectly  de- 
veloped (n),  while  in  Marattiete  and  Ophioglosseaj  (o)  it  is  absent  alto- 
gether. 


ANGIOSPOEiE.  419 

In  most  of  the  tribes  the  spore-cases  are  distinct  from  one  another,  but 
collected  in  groups  (sori)  of  various  forms,  round,  linear,  &c.  (fig.  Ihti, 
b,  c),  on  the  ibwer  surlace  of  ordinary  leaves,  or  of  leaves  especially  de- 
voted to  the  fructification  and  modified  in  form  and  texture,  lhe  son 
are  either  naked  (b,  c),  or  covered  by  a  membranous  cover  or  mditsium 
(d,  e),  the  forms  and  modes  of  attachment  of  which  furnish  systematic 
characters.  In  the  Marattieae  the  spore-cases  are  usually  more  or  less^ 
coherent  together,  so  as  to  form  a  false  compound  multilocular  sporange. 
In  the  HymenophyUeee  the  sporanges  are  attached  to  little  columns  formed 
by  the  production  of  the  ribs  beyond  the  margins  of  the  leaves  (ff,  h), 
becoming  at  the  same  time  enclosed  in  cup-like  receptacles  formed  from 
the  margins  of  the  leaf.  In  the  Ophioglosseae  a  portion  of  the  leaf  is 
transformed  into  a  simple  or  compound  spike-like  process,  covered  with 
free  spore-cases  destitute  of  a  ring,  and  splitting  regularly  to  discharge  the 
spores  (o).  _  1 

The  spores  are  simple  cells  of  microscopic  dimensions,  furnished,  like  I 
pollen-grams,  with  a  double  coat,  the  outer  of  which  is  generally  similarly! 
marked  with  papillae,  reticulations  (jj),  &c. 

The  term  "  flowering"  fern  is  erroneously  applied  to  those  lands  in  which 
the  fertile  leaves  or  lobes  are  destitute  of  parenchyma,  and  thus  resemble 
superficially  the  spadices  of  Phanerogamia,  as  Osmunda,  Botrychium, 
Ojihioglossum,  &c. 

The  arborescent  Ferns  belong  to  the  Polypodieae  and  Cyatheeas,  and  differ 
only  in  habit  and  dimensions  from  the  more  familiar  forms. 

Ferns  are  sometimes  reproduced  by  buds,  analogous  to  bulbils,  formed 
on  different  parts  of  their  structure,  and  sometimes  at  the  points  of  the 
leaves. 

Various  attempts  have  been  made  to  explain  the  morphology  of  the 
sporanges,  or  thcccs,  and  the  indusium.  We  believe  the  latter  must  be 
regarded  as  a  product  of  the  lower  epidermal  layer  of  the  leaf ;  and  the 
sporanges  are  doubtless,  like  the  anthers  on  the.  surface  of  the  male  scales 
of  Cycas,  developments  of  the  -parenchymatous  structure,  which  scarcely 
admit  of  comparison  with  the  proper  appendicular  organs  of  stems.  Some 
authors,  however,  describe  the  leaves  or  "  fronds  "  of  Ferns  as  branches ; 
and  then  the  sori  admit  of  being  regarded  as  developed  from  leaf-buds,  the 
leaves  of  which  become  sporanges  (clustered  together  like  the  spines  ' 
the  abortive  buds  of  Cactaceae). 

Affinities,  &c. — The  Filices  constitute  a  very  large  and  natural  group  of 
Cryptogamous  plants  which  have  no  very  close  relations,  as  regards 
general  structure ;  but  the  Ophioglosseae  seem  to  form  a  link  between 
Osmtmdece  and  Lycopodiaceae.  As  regards  the  physiological  processes 
occurring  in  reproduction,  this  Order  must  be  classed  with  the  Equi- 
setacere,  notwithstanding  the  great  diversity  of  habit,  which,  as  a  whole, 
may  be  expressed  by  saying  that  the  leaf  predominates  in  the  Fems  and 
the  stem  in  the  Horse-tails. 

The  Ophioglossecc  depart  importantly  from  the  general  characters,  both 
in  their  foliage  and  their  reproductive  organs;  to  the  form  of  the  latter 
there  is  an  approach  in  Marattieae,  and  perhaps  we  may  admit  that  the 
sporanges  of  this  Order  are  really  like  those  of  Lycopbdiacete ;  the  de- 
velopment of  the  young  spores  appears  to  agree,  however,  with  that  of 
the  Ferns  and  Equisetaceae,  which  is  on  a  totally  different  plan  from  that 


420 


SYSTEMATIC  BOTANY. 


of  Lycopodiere.  Ophioglossacefe  are  sparingly  represented  in  Europe 
and  North  America,  the  West  Indies,  at  the  Cape,  Tasmania,  &c,  hut  are 
most  abundant  in  the  Indian  islands.  They  seem  to  be  without  active 
properties. 

The  Maratbiece,  by  the  absence  of  the  annulus  and  the  grouping  of  the 
sporanges,  appear  to  stand  between  the  Polypodieae  and  the  Ophio- 
glosseas. 

The  Ferns  of  temperate  climates  in  the  northern  hemisphere  are  herbs ; 
in  the  islands  of  the  tropics  and  the  south  temperate  latitudes  arborescent 
forms  occur  having  the  habit  of  Palms.  The  Ferns  are  universally  dis- 
tributed— more  abundantly,  however,  in  damp,  mild  climates,  which  favour 
the  development  of  foliage.  Some  of  them  have  active  properties,  as- 
tringency,  anthelmintic  and  emetic  qualities,  &c,  but  they  are  of  little 
importance ;  the  rhizomes  of  Pteris  &c,  and  the  stocks  of  some  arbo- 
rescent kinds,  afford  a  poor  nutriment,  used  by  the  aborigines  of  the  South- 
Sea  Islands  and  elsewhere  in  times  of  scarcity.  It  need  scarcely  be  men- 
tioned that  this  is  the  favourite  Order  of  Cryptogamia  among  cultivators 
of  plants. 


Class  III.  AXOGAMIA. 

536.  Angiosporous  Flowerless  plants,  producing  antheridia  and 
archegonia  in  the  axils  of  their  leaves  or  in  proper  buds,  the  fer- 
tilized archegonia  giving  birth  to  sporanges  filled  with  numerous 
spores,  all  reproducing  the  plant. 

This  title  is  applied  to  the  Mosses  and  Liverworts  on  account  of  the  de- 
velopment of  the  archegonia  and  antheridia  upon  the  perfect  leafy  plants, 
the  fertilization  of  the  archegonia  being  followed  here  by  the  development  \ 
of  the  fruit  containing  the  spores.  Both  groups  exhibit  a  peculiar  mode 
of  germination,  the  spore  being  developed  into  a  branched  confervoid 
filament,  upon  which  leaf-buds  appear,  growing  up  into  leafy  steins, 
bearing  antheridia  and  archegonia  and  subsequently  capsular  sporaup-es ; 
so  that  the  perfect  plant  of  a  Moss  corresponds  to  the  heart-shaped  Mar-* 
chantia-like  expansion  of  the  prothallus  of  Ferns  on  which  the  antheridia 
and  pistillidia  are  produced. 


Order  CLXVIII.  BRYACEiE.  Mosses. 

Class.  Musci,  Midi.   All.  Muscales,  Lindl. 

537.  Diacinosis.  (Fig.  459.)    Mosses,  of  caespitose  or  diffused 

creeping  habit,,'  terrestrial  or  aquatic,  with  usually  spirally  imbri- 
cated leaves,  and  urn-shaped  sporanges,  terminal  (acrnrarpnus),  or  on 
the  ends  of  short  lateral  branches  (rlatlomrmmY  or  from  the  axils  of 
leaves  (nhurocawQus),  usually  raised  on  a  (fig.  4.")!),  a),  covered 
at  first  by  a  r,ali(ptrtL(d).  ultimately  naked,  then  bursting  (rarely) 
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irregularly,  or  by  the  separation  of  a  lid  fn^rmdum.  f\  leaving  the 
free  margin  of  the  capsule  naked  ( rnfmnostomouj)  or  fringed  by  a 
single  or  double  row  of  teeth  (verisibme,  e,  h),  whose  number  is  a 
power  of  four,  and  which  are  free  or  combined  by  lateral  processes  ; 
sporanges  with  a  central  columella  (el)  and  no  elaters. 


Phascum,  L. 
Grimmia,  Ehrh. 
Tetraphis,  Hediv. 
Splacununi,  L. 
Dicranuni,  Hedio. 


Illustrative  Geneha. 

Trichostorauui,  Hedw. 
Encalypta,  Hedw. 
Bryum,  L. 
Bartramia,  Hediu. 


Funaria,  Hedw.  . 
Polytrichum,  L.  / 
Hypnum,  L. 
Fontinalis,  L. 


► 


The  Mosses  have  thread-like  or  -wire-like  stems,  which  are  either  simple 
or  branched ;  the  former  are  erect, 
and  terminate  in  fruits ;  the  latter 
generally  creep,  and  produce  spo- 
ranges from  the  lateral  shoots. 
The  leaves  are  small  and  scale-like 
though  green ;  mostly  spirally  ar- 
ranged, hut  in  one  tribe,  the  Hijpo- 
pterygiece,  they  somewhat  resem- 
ble those  of  Jungermaimiaceae. 
The  leaves  concerned  in  the  for- 
mation of  the  fruit-buds  (peri- 
chcetial  leaves)  are  often  modified 
in  form,  and  correspond  to  the 
bracts.    The  antheridia  and  ar- 
chegonia  are  produced  either  in 
terminal  buds  or  in  the  axils  of 
stem-leaves,  together    or  sepa- 
rately,and  often  in  distinct  plants. 
From  the  archegoniunij  the  outer 
part  of  which  is  a  flask-shaped 
membranous  sac,  arises  the  spo- 
range  or  tlwcu,  which  in  its  growth 
tears  away  the  wall  of  the  arche- 
'  gonium, leaving  the  base  as  a  kind 
of  collar  (vaginule,  fig.  459,  c), 
andcarrying  away  the  upper  part,  which  becomes  more  developed,  as  a 
cap  or  hood  (calyptra,  d) ;  this  more  or  less  encloses  the  urn-shaped  spore- 
case  until  it  is  mature  (fig.  459,  A);  the  sporange  is  either  stalked  or 
sessile  ;  its  stalk  is  called. the  seta.    When  the  calyptra falls  off,  it  exposes 
the  sporange  or  capsule  (6),  which  in  most  cases  has  a  deciduous  lid  (oper- 
culum, f)  ;  when  the  lid  falls  oft*,  the  border  of  the  mouth  of  the  capsule 
is  found  either  naked  or  furnished  with  a  single  or  double  fringe  of  teeth 
(peristome,  e,  h) ;  and  a  circular  piece,  called  the  amiulus,  sometimes  sepa- 
rates from  the  end  of  the  columella  in  this  situation.    The  number  of  teeth 
in  the  peristome  is  either  four  or  some  multiple  of  that  number,  as  eio-ht 
sixteen,  &c.    A  striking  peculiarity  of  the  capsule  of  the  Mosses  is  "the 


Organization  of  Mosses :— A,  Polytrichum  aloides. 
natural  size ;  6,  its  capsule,  with  operculum  in 
situ,  and  calyptra  (rf)  detached;  c,  the  base  of 
the  seta,  with  the  vaginule;  e,  capsule,  with 
peristome, and,  e',  aseetion  of  the  same,  showing 
the  columella;  f,  the  operculum  of  e;  h,  teeth 
of  the  peristome,  from  the  mouth  of  e;  t,  spores, 
on  the  same  scale  of  amplification  as  h. 


] 
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existence  of  the  columella,  or  stalk-like  process  running  up  the  centre  of 
the  cavity  of  the  sporange  (e').  In  what  are  called  Astomous  Mosses 
there  is  no  deciduous  operculum,  and  in  Phasoum  the  capsule  bursts  ir- 
regularly;  the  columella  is  sometimes  absorbed  here,  while  the  spores  are 
ripening  ;  in  Andrcsa  the  sporango  opens  by  four  lateral  slits,  the  valves 
remaining  attached  at  the  top.  The  spores  of  the  Mosses  are  simple 
double-coated  cells,  like  pollen-grains ;  they  occur  alone,  and  never  ac- 
companied by  filamentous  bodies. 

The  Mosses  often  produce  geuinise  or  reproductive  leaf-buds  analogous 
to  the  bulbils  of  Phanerogamia  ;  they  occur  both  on  the  stems  and  on  the 
leaves.  They  form  frequently  also  small  confervoid  filaments  at  the  base 
of  the  stem  from  which  gonidia-like  bodies  separate ;  and,  according  to 
Dr.  Braxton  Hicks,  zoospores  like  those  of  Algae  are  formed  from  the 
chlorophyll-utricles  of  these  filaments. 

Affinities,  &c. — The  characters  of  the  antheridia  and  archegonia,  the 
sexual  reproductive  organs  of  Mosses  which  give  rise  to  the  fruit,  are  noticed 
above ;  their  mode  of  occurrence  enters  into  modern  descriptions  of  genera 
and  species.  The  Bryacea3,  as  limited  in  the  above  diagnosis,  are  closely 
related  to  Andrasaceas  and  Sphagnacese,  commonly  included  among  true 
Mosses ;  the  former  Order  connects  them  with  Hepaticre,  but  the  affinities 
of  Sphar/num  beyond  Bryacere  are  obscure.  The  Mosses  have  no  distinct 
affinities  with  any  Cryptoganious  Class  except  the  Hepaticse.  The  Bry- 
aceos  are  numerous,  and  present  a  great  variety  of  structure  very  interesting 
to  microscopists  ;  they  are  generally  diffused,  most  common  in  temperate 
climates ;  and  their  chief  importance,  perhaps,  arises  from  their  keeping, 
with  the  Lichens,  the  outposts  of  vegetation,  at  the  Poles,  on  mountains, 
or  on  barren  rocks. 


Order  CLXIX.  SPHAGNACEiE.  Bog-Mosses. 
Class.  Musci,  Endl.    All.  Muscales,  Lindl. 

538.  Diagnosis. — Aquatic  or  bog-Mosses,  of  peculiar  yellowish-green 
aspect,  with  spirally  imbricated  (5-rowed)  leaves  and  fasciculate  branches, 
the  lower  of  which  are  long  and  deflexed,  while  one  of  the  upper  is,  in 
fruiting  plants,  replaced  by  a  sporange,  with  a  short  turbinate  seta,  de- 
hiscing by  an  operculum,  destitute  of  a  peristome,  and  possessing  a  short 
columella  and  no  elaters  among  the  spores. 


Illustrative  Genus. 
Sphagnum,  Dillen. 

Affinities,  &c— This  genus  differs  very  much  from  the  Bryacea?  in 
habit  and  in  the  structure  of  its  leaves,  which  are  well-known  as  curious 
microscopic  objects,  the  chlorophyll-bearing  cells  being  slender  and 
elongated,  connected  in  a  kind  of  network  in  the  interstices  between  large 
empty  cells,  whose  walls  are  strengthened  by  a  spiral  fibre  ;  this  structure 
causes  the  whitish  or  yellowish-green  colour  peculiar  to  them  and  a  fow 
other  similarly  organized  Mosses.    In  addition  to  the  fasciculate  mode  of 
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branching  (really  formed  by  successive  members  of  a  spiral  series),  the 
Sphar/na  have  antheridia  like  those  of  Juni/ermannia,  globose  stalked 
bodies,  and  not  sessile  tubulur  sacs.  There  appears,  moreover,  to  be  some 
peculiarity  in  their  spores,  since  they  have  been  observed  to  occur  in  some 
cases  of  more  than  the  ordinary  size,  and  fewer  of  them  in  a  capsule. 
This  Order  is  not  a  little  remarkable  for  the  share  which  it  takes  m 
covering  bogs  and  gradually  furnishing  material  for  peat,  the  lower 
parts  of  the  stems  continually  dying  away  below  while  the  summit 
ascends ;  the  descending  lower  branches  of  the  fascicles,  which  appear  to 
supply  the  place  of  roots  here,  bind  the  whole  into  a  compact  mass.  _  They 
abound  in  cold  and  temperate  climates  in  boggy  places,  furnishing  an 
article  of  food  to  animals,  and  even  to  man  in  northern  regions. 


Order  CLXX.  ANDRiEACEiE.  Split-Mos 
Class.  Musci,  Endl.    All.  Muscales,  Lindl. 

539.  Diagnosis. — Casspitose  Mosses,  with  erect  stems,  imbricated  leaves, 
and  terminal  fruit,  the  capsules  destitute  of  a  seta  (sessile  on  the  receptacle 
where  the  vaginule  arises),  bursting  vertically  into  four  valves  which 
remain  connected  at  the  apex,  possessing  a  central  columella  and  spores 
not  mixed  with  elaters. 

Illustrative  Genera. 
Andrasa,  Ehr.  |        Acrochisma,  Hodk.fil. 

Affinities,  &c. — Acrochisma,  a  genus  from  the  Antarctic  regions,  has 
the  valves  separated  only  halfway  down,  thus  connecting  this  Order  with 
the  Phascece  among  the  Bryacere,  in  which  Archidium,  like  Andreea,  does 
not  elevate  the  sporange  on  a  seta,  but  carries  up  the  calvptra  simply  by 
expansion  of  the  capsule;  on  the  other  hand,  the  4-valved  dehiscence 
agrees  with  that  of  the  Jungermanniacese,  where,  however,  with  other  less 
important  peculiarities,  we  have  no  columella,  but  elaters  mixed  with 
their  spores.    The  species  are  native  of  mountains  and  polar  latitudes. 


SES. 


Order  CLXXI.  JUNGERMANNIACESE.  Scale-Mosses. 

Class.  Hepaticas,  Endl.   All.  Muscales,  Lindl. 

540.  Diar/nosis.— Minute  creeping  plants  with  small  green  cellular 
(scale-like)  leaves,  imbricatelv  arranged  along  the  axis  in  two  rows,  often 
with  a  row  of  imperfect  leaves  (amphigastria,  fig.  460,  d)  on  the  under- 
side ;  or  with  the  stem  thalloid,  i.  e.  forming  a  lobed  leaf-like  mass.  The 
sporanges  are  oval  capsules  breaking  through  the  summit  of  the  calvptra 
raised  on  a  thread-like  seta,  and  splitting  vertically  when  ripe  into  4 
ralves;  which  separate  more  or  less  widelv  into  the  form  of  a  cross  fficr 
4W,  Bj,  scattering  spores  mixed  with  elaters,  destitute  of  a  columella  °' 
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Metzgcria,  Jtadd. 
Blasia,  Mich. 


Illustrative  Genera. 

Frullania,  Nees. 
Trichocolea,  Nees. 


Geocalyx,  Nees. 
J ungermannia,  Dill. 


branched 


The  JungermanmacetB  (or  foliaceous  Hepatic*  as  they  have  been 

termed)  have  slender  ramified  creeping  stems  like  those  of 

Mosses,  being  more  delicate,  with 

leaves  imbricated  in  a  distichous 

manner,  so  as  to  give  a  flattened 

character  to  the  branches  (fig.  460 

B,  d).  The  antheridia  and  archego- 
nia  are  produced  on  these  stems;  and 
from  the  latter  are  developed  the  spo- 
ranges,  which  are  surrounded  at  the 
base  by  modified pcrichcetial  and  peri- 
gonial  leaves,  and  by  a  vaginule  (fio\ 
460,  B,  a),  which  differs 'from  that 
of  the  Mosses  in  being  the  entire  sac 
of  the  archegonium,  no  hooded  ca- 
lyptra  being  carried  up  in  the  Jun- 
g-ermanniacei®.  The  vaginule  is  some- 
times called  calgptra,  and  sometimes 
epigone ;  the  circle  of  leaves,  often 
confluent,  surrounding  it,  form  the 
perigone,  perianth,  or  involucel ;  and 

these  are  Surrounded  by  the  perichce-  Organization  of  Jiragermanniac 


omplanata  with  an  unopened  and  a  burst 
capsule :  a,  the  vaginule ;  6,  the  burst  capsule, 
magnified;  c,  spores  and  elaters ;  d,  fragment 
of  the  leafy  stem  of  Ju  igermannia  umbrosa, 
showing  the  distichous  arrangement  of  the 
leaves,  and  the  amphigastria  (e). 


tial  leaves,  perichatium,  or  involucre, 
The  capsules  are  generally  elevated 
on  thread-like  stalks  (setce),  and  when 
mature  split  nearly  or  quite  to  the 
base  into  four  teeth  (fig.  460,  b), 
which  spread  out  more  or  less  and  set  free  the  spores  and  elaters  (c).  There 
is  no  columella. 

Affinities,  &c. — The  genera  of  this  Order,  formed  out  of  the  old  genus 
Jungermannia,  present  a  considerable  variety  of  conditions,  both  as  re- 
gards their  vegetative  structure,  which  is  either  frondose  or  foliaceous, 
and  the  minute  details  of  the  organization  of  the  calgptra  (epigone),  with 
the  involucel  (perianth  or  perigone)  and  the  involucre  (periehatiuni) 
which  surround  it.  They  approach  the  Mosses  through  Andrseaceas: 
with  which  Anthoceros  is  still  more  nearly  allied  in  the  possession  of  a 
columella ;  but  we  have  here  a  higher  condition  of  the  vegetative  organs, 
nearer  that  of  Mosses.  The  Jungermanniaceoe  are  found  in  shady  woods, 
and  moist  situations,  throughout  all  regions  of  the  globe,  most  abundant 
in  damp  tropical  woods.    They  have  no  important  qualities. 

(Anthocerote^e  are  distinguished  from  the  frondose  forms  of  .Tuu- 
germanniacefe  by  the  absence  of  an  involucel  (perigone).  The  antheridia 
and  archegonia  are  produced  in  cavities  excavated  in  the  thalloid  stem : 
and  from  the  archegonium  springs  a  thread-like  or  pod-like  capsule,  which 
splits  down  longitudinally  into  two  valves  when  ripe,  and  displays  a 
central  columella,  and  has  both  sports  and  imperfect  elaters.) 
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Order  CLXXII.  MARCH  ANTIACE2E.  Liverworts. 


Class.  Hepaticee,  Mull.    All.  Muscales,  Lincll. 

541.  Diagnosis.—  (Fig.  461.)  Minute  green  plants,  with  a  stern  in  the 
form  of  a  lobed,  leaf-like,  cellular  expansion,  rooting  by  capillary  fila- 
ments below,  with  an  indistinct  midrib ;  the  sporanges  depending  from 
the  underside  of  a  capitate  or  radiate  receptacle  supported  on  a  stalk 
arising  from  the  apex,  on  the  under  surface,  of  the  lobes  of  the  frond ; 
the  sporanges  bursting  by  teeth  or  irregular  fissures,  containing  elaters 
mixed  with  the  spores,  but  no  columella. 


Fegatella,  Radd. 


Illustrative  Genera. 
Plagiochasma,  Lehm. 


Marchantia,  March. 
Fig.  461. 


The  Tballoid  Hepaticfe  have  a  broad,  more 
or  less  succulent,  lobed,  leaf-like  expansion  in 
place  of  stem  and  leaf  (fig.  461) ;  this  is  to  be 
regarded  as  a  foliaceously  developed  stem  analo- 
gous to  that  of  Lemna  among  the  Phanerogarnia. 
The  fruits  borne  by  the  tballoid  forms  are  very 
varied :  the  Pelliece,  or  frondose  Jungermanniaceae, 
bear  capsules  like  those  just  described,  but  arising 
from  the  midribs  of  the  tballoid  stem ;  the  Antho- 
ceroteas,  Ricciea?,  and  Marchantiacese  are  very 
different. 

The  thalloid  expansion  of  the  Marchantiacea? 
sends  up  stalk-like  processes  from  its. marginal 
sinuses  (fig.  461,  A),  terminating  in  simple  or 
divided  cap-shaped  bodies  (receptacles),  on  the 
underside  of  which  are  found  the  arehegonia; 
the  antheridia  are  in  distinct  heads;  the  arehe- 
gonia develope  into  sporanges  or  capsules  (b),  which 
usually  burst  at  the  apex  (e)  into  four  teeth,  some- 
times into  eight ;  in  certain  genera  a  lid  separates  Organization  of  Marchanti 
by  transverse  dehiscence,  and  in  others  the  spo-  fcea:— A.  Marchantia po 
range  bursts  irregularly ;  the  sporange  has  no  colu- 
mella, and  its  spores  are  mixed  with  elaters  (d). 

The  Hepaticas  produce  cellular  bulbils  or  gem- 
ma. These  are  especially  remarkable  in  some  of 
the  thalloid  forms,  as  in  Marchantia,  where  they 
are  developed  in  groups  in  special  cup-like  recep- 


tacles. 


lymorpha,  bearing  a  recep- 
tacle of  fruit;  b,  vertical 
section  of  the  receptacle, 
showing  the  sporanges  on 
its  under  surface ;  c,  spo- 
range bursting,  with  its 
vaginule  and  pcrigone  laid 
open ;  d,  spores  and  elater 
highly  magnified. 


Affinities,  &c— This  Order  is  especially  characterized  by  the  existence 
of  a  stalked  «  receptacle  "  bearing  the  reproductive  organs,  which,  unlike 
the  stalked  sporanges  of  the  allied  Orders,  is  not  a  product  of  the  arehe- 
gonia but  preexists  and  bears  these,  distinct  receptacles  beiuo-  produced 
tor  the  antheridia.  The  sporanges,  with  the  calyptra,  involucel  &c 
are  lormed  m  groups  from  a  number  of  arehegonia,  developed  on  the  re- 
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ceptacles ;  this  structure  distinguishes  MarchantiaceiB  at  once  from  Jun- 
germanniaceffl,  and  from  the  frondose  Ricciacere,  which  have  the  sporanges 
immersed  in  the  frond  and  devoid  of  involucres.  The  Marehantiaceaj 
grow  in  damp  shady  situations,  occurring-  in  all  climates. 

(RicciACEiE  are  inconspicuous  MareJiardia-like  Liverworts,  growing 
in  mud  or  floating  on  water,  having  a  delicate  cellular  leaf-like  "  frond," 
with  the  sporanges,  without  an  involucel  or  involucre,  immersed  in  or 
sessile  on  the  frond,  bursting  irregularly,  and  containing  no  elaters.  The 
antheridia  and  archegonia  are  also  imbedded  in  the  substance  of  the 
thalloid  stem.  From  Anthoceroteae  they  differ  in  the  absence  of  a 
columella  and  of  rudimentary  elaters.  They  are  interesting  as  exhibiting 
the  lowest  type  of  organization  in  the  Class  to  which  they  belong.  They 
are  generally  diffused,  comprising  8  genera,  with  about  28  species.  Genera : 
Riccia,  Mich. ;  Duricea,  B.  and  Mont. ;  Splicer  ocarpus,  Mich.) 


Order  CLXXIII.  CHARACE^E. 
Class.  Algae,  Endl.    All.  Algales,  Li/ull, 

542.  Diagnosis. — Water-plants  having  verticillately  branched  stems, 
rooting  more  or  less  at  the  joints ;  the  stems  either  simple  tubes,  or  with 
the  central  tube  clothed  by  a  cortical  stratum  of  smaller  tubes  which  grow 
over  the  internodes  from  the  top  and  bottom  and  meet  so  as  to  envelope 
it.  Reproductive  organs  of  two  kinds,  found  on  the  whorls  of  branches : — 
(1)  axillary  oval  sporangia  (nucules),  consisting  chiefly  of  a  central  cell 
with  a  cortex  of  spirally  wound  tubes  ending  in  a  crown  of  teeth  above ; 
and  (2)  little  globular  antheridia  (globules),  sessile  on  the  branches, 
bursting  when  mature  into  8  triangular  valves,  the  centre  of  each  valve 
bearing0 a  stalk  whence  arise  microscopic,  jointed,  confervoid  filaments, 
each  joint  of  which  gives  birth  to  a  2-ciliated  filamentous  spermatozoid. 
The  nucules  fall  oft;  germinate,  and  produce  new  plants. 

Illttstbative  Geneba. 
Chara,  L.        |       Nitella,  Ag. 

Affinities,  &c  The  true  relations  of  this  very  interesting  group  of 

plants  form  a  subject  of  debate  among  botanists  :  as  regards  the  organi- 
zation of  the  stems,  they  do  not  rise  above  the  condition  met  with  in 
Polysiphonia,  or  even  BatraeJiospermum,  among  undoubted  Algae.  Un  t  he 
other  hand,  their  vegetative  structure  has  the  power  of  reproducing  the 
plants  by  bulbils  developed  on  a  far  higher  type  than  the  ordinary 
cellular  gemma;  of  the  lower  plants;  further,  the  presence  of  distinctly 
formed  roots  growing  from  the  nodes  seems  to  show  that  they  are  really 
Cormophytes,  in  which,  possibly,  the  leaves  are  represented  by  the  corti- 
cal filaments  of  Chara.  From  the  organization  of  the  reproductive  organs 
taken  alone,  little  hesitation  can  be  felt  in  associating  the  Characea, 
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with  the  Vascular  Cryptogams,  the  spermatozoids  of  which  are  exactly 
represented  in  the  products  of  the  globules,  while  this  form  of  the  ferti- 
lizing structure  does  not  exist  in  the  Thallophytes ;  and  the  ''nucule" 
must  be  regarded  as  a  representative  of  the  archegonium  of  the  Mosses 
&c.  (see  Physiology).  The  Chares  grow  in  stagnant  water,  fresh  or  salt ; 
and  many  of  them  acquire  a  dull  aspect  and  brittle  texture  by  becoming 
incrusted  with  carbonate  of  lime,  apparently  precipitated  from  calcareous 
matter  in  the  water,  since  it  is  often  deficient  in  cultivated  specimens.  The 
unincrusted  kinds,  the  simple  tubes  of  Nitella,  and  the  young  shoots  gene- 
rally are  well  known  as  objects  displaying  in  a  beautiful  manner  the  rota- 
tion of  the  cell-sap,  which  takes  place  in  every  part  of  these  plants.  The 
abundant  protoplasmic  cell-contents  cause  these  plants  to  give  off  a  very 
offensive  odour  when  decaying.  The  species  occur  all  over  the  world, 
most  commonly  in  temperate  climates.  They  have  no  known  uses,  and  are 
regarded  as  noxious  from  their  smell  when  undergoing  decomposition. 


Division  II.  Gyinnosporae  (Thallophyta). 

543.  Cryptogamous  plants  producing  in  vegetation  a  thallus,  pre- 
senting no  opposition  of  ascending  and  descending  axis,  or  contrast 
of  stem  and  leaf;  antherozoids  never  spiral;  reproduced  by  spores 
which  arc  produced  in  parent  cells,  either  forming  part  of  the  vege- 
tating thallus  or  growing  upon  the  surface  of  definite  regions  of  the 
thallus  devoted  to  reproduction.  Spores  not  producing  a  prothallus, 
but  reproducing  the  plant  immediately. 

_  These  plants  correspond  to  the  Thallogens  of  most  authors;  their  prin- 
cipal points  of  distinction  from  Angiosporous  Cryptogams  are  above 
given.  The  vegetative  structures  of  the  plants  of  this  group,  which  form 
their  principal  bond  of  connexion  one  with  another,  and  their  most 
striking  character  of  distinction  from  the  higher  plants,  present  a  great 
variety  of  conditions  within  their  own  limits.  The  thallus  is  a  purely 
cellular  expansion,  presenting  no  contrast  of  parts  analogous  to  that 
between  the  axis  (stem)  and  the  appendages  (leaves  and  their  modifica- 
tions), which  exists  in  the  higher  plants;  hence  they  are  necessarily 
devoid  of  true  buds.  A  special  regularity,  however,  and  a  determinate 
direction  of  growth  are  manifested  more  or  less  clearly  in  all  cases,  giving 
definite  and  characteristic  forms  to  the  thallus.  This  is  the  case  even 
when  the  thallus  is  reduced  to  the  condition  of  microscopic  filaments 
wlnc-U  elongate  and  spread  in  determinate  directions. 

The  thalks  is  exclusively  composed  of  cellular  tissue;  and  its  more 
minute  differences  in  the  various  classes  and  families  of  this  division  of 
tne  vegetable  Kingdom  require  microscopic  investigation;  but  certain 
JSJ. d^ctlrma.y  be  laid  down,  sufficient  for  the  general  discrimi- 

three  classes  of  lliallophyta  approach  very  closely  in  their  characters,  on 
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account  of  their  great  simplicity  of  organization,  which  excludes  the 
possibility  oi  many  differential  characters!  excludes  tue 


Fig.  462. 


Algee. — A.  Oscillatoria  autumnalis :  a,  filament  escaped  from  the  sheath,  6  (magn.  300  dia- 
meters). B.  Desmidieis:  a,  Pediantrum  Bori/amtm;  b,  Cosmarium  margaritiferum  (200 
diam.);  c,  Closlerium  Lunula  (30  diara.);  d,  Closterium  acerosum  in  conjugation,  with  the 
resulting  spore  (200  diam.).  C.  Diatomacew :  a,  Diatoma  vulgare;  b,  end  view  of  a  cell 
(200  diam.).  D.  Volvocinex:  Pandorina  Morum  (100  diam.).  E.  Botrydium  granulalum 
(15  diam.). 

Class  I.  HYDEOPHYTA  or  ALGLE. 

544.  Gymnosporous  Cryptogams  living  in  water  or  in  damp  places 
exposed  to  the  light,  extremely  variable  in  size,  form,  colour,  and 
texture,  free  or  attached  by  root-like  organs,  sometimes  unicellular,  at 
other  times  having  a  branched  pseudo-stem  and  leaf-like  appendages, 
sometimes  of  large  size,  but  exclusively  cellular  in  structure  and 
destitute  of  stomata.  Plants  multiplied  by  subdivision  of  cells  or 
by  the  formation  of  "  zoospores."  Reproduction  or  formation  of 
spores  effected  by  the  antherozoids  emitted  from  the  antheridia 
and  sporanges,  either  on  the  same  plant  (monoecious)  or  on  different 
ones  (dioecious).  Spores  motionless,  solitary,  or  in  groups  of  four 
in  a  single  sporange. 

The  most  familiar  examples  of  this  Class  are  the  Seaweeds ;  but  it  also 
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includes  a  great  number  of  plants  found  in  fresh  water  and  in  damp  situ- 
ations, many  of  which  are  altogether  of  microscopic  dimensions,  and  in- 
visible, except  in  quantity,  to  the  naked  eye. 

The  lowest  forms,  the  Palmellece,  consist  of  simple  cells,  of  most  varied 
shapes,  usually  found  connected  together  in  definite  or  indefinite  masses 
by  gelatinous  excretion  or  products  of  the  decomposition  ot  the  older 
cells  (fig.  465,  B,  a).    The  individual  cells,  each  often  representing  a  dis- 
tinct pfant,  are  characterized  by  a  wonderful  diversity  and,  m  certain 
families,  beauty  of  form,  as  in  the  Desmidiea  and  Diatomacees  (fig.  462, 13, 
0) ;  sometimes,  as  in  the  Volvocinese,  they  are  provided  with  vibratile 
cilia,  and  exhibit  an  active  spontaneous  motion  (fig.  462,  D).    As  a  rule 
their  colour  is  green,  an  important  exception  to  this  beiug  formed  by  the 
Diatomacees,  which  have  another  special  peculiarity  in  the  existence  of  a 
siliceous  deposit  in  their  walls,  which  remains  as  an  indestructible  skeleton 
after  the  decay  of  the  organic  matter  of  the  plants.    Some  of  these  lower 
Al<ne  are  found  of  red  colour ;  but  in  many  cases,  at  least,  this  colour  is 
onfy  characteristic  of  certain  stages  of  growth  of  kinds  which  are  green 
when  vegetating  actively.  It  is  very  probable  that  most  of  these  so-called 
unicellular  or  pseudo-unicellular  AlgEB  are  really  not  independent  organ- 
isms, but  stages  of  growth  of  some  other  plant,  perhaps  of  much  higher 
structure.    Thus  there  is  reason  to  think  that  these  unicellular  bodies 
may  not  only  be  stages  in  the  development  of  Lichens,  but  even  of  Mosses 
(see  p.  422).    One  remarkable  point  in  their  history  is  the  length  of  time 
they  will  persist  unchanged ;  but  under  altered  circumstances  it  would 
appear  as  if  they  were  developed  into  Lichens  or  Mosses. 

A  step  forward  in  complexity  of  organization  is  made  in  the  filamentous 
Alga?,  composed  of  cylindrical  cells  attached  end  to  end,  and  thus  forming- 
long  jointed  tubes,  either  simple  or  more  or  less  branched  (fig.  465,  A,  C); 
the  Gonfervoidese  and  their  allies,  the  "  silk-weeds  "  of  freshwater  pools, 
afford  familiar  examples  of  this  structure  ;  these  grow  at  the  extremity  of 
the  filaments,  or  interstitially  by  all  the  joints  elongating  simultaneously. 

The  Ulvece  have  a  thallus  where  growth  in  breadth  is  added  to  that  in 
length ;  some  of  them  also  acquire  a  certain  thickness ;  in  this  way  they 
become  leaf-like  expansions,  of  membranous  texture.  They  grow  by  ad- 
ditions all  round  the  margin  of  the  anterior  part,  often  lobed  or  divided, 
but  of  homogeneous  tissue  throughout :  the  form  and  dimensions  of  the 
thallus  become  more  or  less  definite  here  ;  the  colour  is  mostly  green,  as 
in  the  Confervoidece. 

The  Red  Seaweeds  or  Rhodospermese  exhibit  almost  every  possible 
form  between  that  of  the  branched  filamentous  thallus  and  that  of  a  highly 
compound  or  dissected  leaf  (fig.  463,  A),  or  a  shrub-like  collection  of  firm 
branches ;  and  moreover  the  texture  of  the  thallus  varies  from  a  simply 
membranous  to  a  cartilaginous  or  even  horny  substance,  caused  by  greater 
development  of  the  cellular  tissue,  which  in  the  higher  kinds  exhibits  a 
distinction  between  the  cortical  or  epidermal  layer  and  the  internal  spongy 
parenchyma.  The  Corallines,  which  belong  to  this  group,  acquire  a  stony 
character  from  the  deposition  of  carbonate  of  lime  in  their  cellular  tissue. 
The  colours  vary  in  this  Order ;  they  are  red,  purple,  brown,  olive,  &c 
but  never  pure  green,  like  the  Confervoids. 

The  Olive-coloured  Seaweeds,  including  the  Fucacese  (of  which  the 
"Bladder- wrack"  is  the  commonest  example),  and  others  of  very  different 
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organization,  the  Pha3osporea3  and  Dictyotaceaj,  exhibit  a  similar  grada- 
tion of  form  in  the  thallus.  The  lower  forms  of  Phaeosporeie  present 
tufts  of  branched  filaments;  the  higher  forms  of  these,  and  the  Fucacea? 
have  thick  leaf-like  or  stem-like  fronds  of  firm  texture  and  sometimes 
enormous  dimensions ;  many  of  them  have  a  shrubby  habit  of  growth, 
and  attach  themselves  to  stones  &c.  by  discoid  or  branched  expansions 
from  the  base,  resembling  superficially  the  roots  of  the  higher  plants,  but 
having  no  similar  function  or  anatomical  character.  The  thailus  of  the 
larger  forms  is  highly  developed  as  to  its  tissues,  having  a  distinct  cortical 
layer;  but  the  structure  is  strictly  cellular,  without  a  trace  of  woody  fibre 
or  vascular  elements.  The  colour  is  here  usually  olive,  brown,  or  some 
dull  tint  of  green-brown ;  never  bright  green,  as  in  the  Confervoids. 

The  reproduction  of  the  Algae  takes  place  in  an  almost  infinite  diversity 
of  modes,  which  can  only  be  treated  of  very  generally  here,  as  many  of 
them  involve  the  necessity  of  a  thorough  knowledge  of  the  elementary 
structure  of  plants.  These  matters  will  be  again  referred  to  in  the  Phy- 
siological part  of  this  work. 

Vegetative  reproduction  assumes  a  veiy  important  place  in  the  multi- 
plication of  all  Thallophyta.  Throughout  the  Algae  it  is  a  constant  phe- 
nomenon, and  one  illustrating  veiy  beautifully  the  physiological  homo- 
geneity of  the  thallus. 

The  lowest  forms  multiply  by  dividing  into  a  number  of  cells  or  grains 
which  grow  up  to  the  dimensions  of  the  parent ;  this  occurs  as  the  ordi- 
nary mode  of  growth,  here  confounded  with  reproduction,  in  the  Pahnelkee 
(fig.  465,  B,  a,  b),  Desmidiece,  Diatomacece  (fig.  462),  &c. 

In  some  of  the  unicellular  Alga?,  as  also  in  the  Confervoidefe,  a  process 
called  "conjugation"  occurs,  which  is  by  some  considered  a  sexual  pro- 
cess, while  others  look  on  it  as  a  mere  form  of  bud-growth.  Two  cells 
come  into  proximity,  a  commmiication  is  established  from  one  to  the 
other,  the  contents  of  the  one  mingle  with  those  of  the  other,  and  form  a 
spore  (fig.  462,  B,  d). 

But  another  still  more  remarkable  form  of  vegetative  reproduction 
extends  from  these  up  to  the  highest  Algaa,  namely  the  reproduction  by 
zoospores.  This  consists  in  the  conversion  of  the  semifluid  contents  of 
individual  cells  (the  endochrome)  into  distinct  corpuscles,  and  the  ex- 
pulsion of  these  from  the  thallus  by  the  bursting  of  the  parent  cell-mem- 
brane (fig.  465,  C,  d) ;  these  corpuscles  are  tilled  with  green  or  olive- 
coloured  matter,  except  at  one  end,  which  is  provided  with  cilia  and  is 
sometimes  spoken  of  as  the  "  rostrum."  The  cilia  are  excessively  minute, 
and  vary  in  number  in  different  genera ;  sometimes  the  whole  surface 
of  the  zoospore  is  covered  by  them.  These  zoospores  are  usually  emitted 
at  a  fixed  hour  in  the  morning,  as  the  residt  of  an  endosmotic  action  which 
causes  the  cell- wall  to  burst  and  set  free  the  zoospores ;  sometimes  before 
their  liberation  they  are  seen  to  congregate  in  one  portion  of  the  cell,  and, 
as  it  were,  to  strike  against  the  cell-wall  and  cause  its  rupture.  Their 
activity  seems  to  be  directly  dependent  on  the  influence  of  light.  Alter 
moving  spontaneously  for  some  time,  the  zoospores  lose  their  cilia,  become 
encysted,  and  grow  up  into  new  thalli.  In  some  Algce,  moreover,  theiv 
are  two  sorts  of  zoospores— large  ones,  called  macrogomdut,  and  smaller 
ones,  called  microgomdia.  Pringsheim  even  describes  a  form  ot  zoospore 
which  has  the  faculty  of  remaining  dormant  for  long  periods,  aud  even  ot 
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resisting  desiccation  for  several  months,  at  the  expiration  of  which  time, 
if  circumstances  he  favourable,  it  germinates  and  forms  a  new  plant.  1  o 
such  zoospores  the  name  of  chronizoospore  has  been  given.  Ihe  forma- 
tion of  zoospores  may  take  place  in  any  or  all  of  the  cells  of  the  thallus 
of  the  filamentous  and  foliaceous  confervoid ;  it  occurs  in  certain  definite 
parts  of  the  thallus  of  the  Phaeosporeae,  where  there  is  a  difference  m  the 
constituent  tissues.  It  has  not  been  observed  in  the  Red  Seaweeds  or 
the  Dictyotaceae— where,  however,  a  distinct  kind  of  organ  is  found, 
called  a  tetraspore  (fig.  463,  B,  e),  which  appears  to  be  the  representative 
of  gemmiparous  reproduction,— nor  in  Fucacese,  where  the  only  known 
kind  of  reproduction  is  by  sexual  organs. 

Sexual  reproduction  has  been  made  out  clearly  in  Algfe  belonging  to 
the  Confervoid  and  Fucaceous  groups,  and  recently  in  the  Rhodosperineae. 
The  Phfflosporeae  at  present  are  only  known  to  produce  zoospores.  The 
essential  phenomenon  throughout  is  the  emission  from  an  antheridium 
of  antherozoids  which  are  endowed  with  a  power  of  locomotion,  and 
ultimately  come  into  contact  with  a  cell,  which,  in  consequence,  develops 
into  a  spore,  which  may  be  one  of  the  ordinary  cells  of  the  thallus  set 
apart  for  this  purpose,  or  may  be  contained  in  a  special  fruit. 

In  the  Confervoideae,  where  the  spores  are  developed  from  ordinary 
cells,  there  are  no  special  reproductive  organs ;  the  spores  formed  in  the 
impregnated  cells  acquire  thick  coats  (fig.  465,  A,  c,  d),  usually  assume  a 
red  or  brown  colour,  and  are  set  free  by  the  decay  of  the  parent  cell. 

In  the  Fucacese  the  fructification  is  limited  to  definite  parts  of  the 
thallus.  In  Fucus  or  Halidrys  (fig.  464),  which  may  be  taken  as  ex- 
amples, the  reproductive  structures  are  formed  at  the  ends  of  the  lobes 
of  the  thallus.  Externally  the  lobe  (called  the  receptacle)  presents  a 
thickened  appearance,  marked  with  numerous  distinct  orifices  (fig.  464,  a) ; 
these  orifices  lead  to  chambers  imbedded  in  the  thickness  of  the  thallus 
(called  concepiacles,  b),  bearing  on  their  walls  cellular  sacs  of  two  kinds — 
one,  the  larger  (spore-sacs,  e),  containing  the  spore-germs,  the  smaller 
(antheridia,  c)  containing  spermatozoids  (d)  or  impregnating  corpuscles ; 
both  kinds  of  sac  burst  and  discharge  their  contents  when  ripe,  and  the 
spores  are  fertilized  and  encysted  while  swimming  freely  in  the  water. 

The  Rhodospermeae  and  Dictyotaceae,  besides  tetraspores,  have  spore- 
sacs  and  anthendia,  mostly  collected  in  "  fruits  "  of  definite  form,  some- 
times in  patches  or  lines  (sori)  on  the  surface  of  the  thallus,  like  the  sori 
of  Ferns,  sometimes  imbedded  in  definite  groups  in  its  substance  (called 
favella),  sometimes  projecting  more  or  less  from  the  surface  or  margins 
of  the  thallus  (fig.  463,  D,  d,  E),  when  they  are  naked  or  surrounded  by 
a  gelatinous  or  cup-like  involucre  (favellidia,  coccidia,  ceramidia).  The 
antheridia  are  usually  found  arranged  in  groups  in  similar  situations 
(fig.  463,  F,  a) ;  and  the  tetraspores  are  either  scattered  or  collected  in 
fruits  analogous  to  those  containing  the  spores  and  antheridia  (fig.  463, 
B,  e).  The  antherozoids  are  immobile,  and  fertilize  the  sporange  by 
means  of  a  special  tube  projecting  from  the  latter  and  called  the  tricho- 
gyne.  Transformed  branches  containing  imbedded  tetraspores  are  called 
stichidia.  The  sexual  organs  are  often  found  on  distinct  plants,  which  are 
thus  dioecious. 

_  Further  details  respecting  the  reproduction  are  reserved  for  the  Phy- 
siological portion  of  this  work.  The  definite  characters  of  the  Orders  of 
Algee  are  subjoined. 
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545.  Harvey  divided  the  Algce  into  3  groups,  which  he  named, 
respectively,  Chlorospermeao  or  green-sporcd  Algae,  Melanospermece 
or  olive-spored  Algae,  and  Rhodospermcae  or  red-spored  seaweeds, 
the  subdivisions  being  thus  founded  mainly  on  the  colour  of  the 
spores.  Dccaisne's  classification  nearly  coincides  with  that  of 
Harvey,  so  far  as  the  limitation  of  the  group  is  concerned ;  but  it  is 
formed  on  a  more  philosophical  basis.  As  modified  by  Thuret,  it 
stands  thus  : — Zoosporese,  with  moveable  spores ;  Aplosporeae,  with 
green  or  brown  motionless  spores ;  Choristosporeae,  with  red  motion- 
less spores  developed  in  fours. 


Order  CLXXIV. 


RHODOSPERMEiE  or  FLORIDE.E. 
Red  Seaweeds. 


Class.  Algae,  Midi.    All.  Algales,  Lindl. 

546.  Diagnosis. — (Fig.  463.)  Marine  Algae,  mostly  of  red,  purple, 
rarely  olive  or  brownish  colour,  with  a  thallus  either  foliaceous  or 
of  branched  filaments,  sometimes  incrusted  with  carbonate  of  lime. 
Reproduced  by  spores  (e)  formed  in  special  sporangia,  which  are 


n.„  r.r  TJVindosnprmcic !  A.  Part  of  a  thnllus  or  frond  of  Laureneia  pinnatifida 

TS1 A Xgn iflKK  of  a  lobule  with  stichidia  containing  totraspores  like c  a  mow 
"  ,    5.  Lobnle  of  the  frond  bearing  cernnudm  or  spore-coneeptacles   ,  .  e 

"poror  E  SporeB  from  the  8anie,  more  maguiiled.  F.  Lobule  of  a  frond  bearing  anthe- 
ndia,  a. 


GYMNOSPOR.E. 


433 


either  superficial  or  plunged  in  the  frond,  and  contained  within 
special  cavities  or  "  conceptacles  "  (d)  of  varied  form.  The  sporange 
is  provided  with  a  special  tube,  or  "  trichogyne,"  by  means  of  which 
it  is  fertilized  by  the  antherozoid  ;  accompanied  by  antheridia  (v), 
containing  a  single  motionless  antherozoid  without  cilia,  and  by  tetra- 
spores  (b,  c),  collections  of  4  cells  formed  in  special  parent  cells  m 
similar  situations  to  those  of  the  spores. 


Illustrative  Genera. 


SuDOl'd.  1.  RHOD 0MELE2E. 

Rhodomela,  Agh. 

Polysiphonia,  Grev. 
Subord.  2.  Laurencie-E. 

Laurencia,  Lamx. 

Chylocladia,  Grev. 
Subord.  3.  Corallines. 

Uorallina,  Tournef. 

Melobesia,  Lamx. 
Subord.  4.  Delesserie^!. 

Delesseria,  Lamx. 

Plocamiuni,  Grev. 


Subord.  5.  Sphterococce.e. 

Plocaria,  Nees. 

Sphaerococcus,  Grev. 
Subord.  6.  Cryptonemie;e. 

Phyllophora,  Grev. 

Cbondrus,  Grev. 

Subord.  7.  Ceramies. 

Gallithamniou,  Lyngb. 

Griffith  sia,  Agh. 

Ceramium,  Adans. 
Subord.  8.  Porphyres. 

Porphyra,  Agh. 


Affinities. — In  spite  of  the  varieties  of  form  presented  in  this  Order, 
there  is  so  close  an  essential  agreement  in  their  organization  that  they 
distinctly  appear  as  members  of  one  natural  group,  with  characters  whose 
value  is  only  equivalent  to  that  of  some  of  the  subdivisions  of  the  groups 
Fucoideae  and  Confervoidese  of  Harvey  and  others,  with  which  they  are 
usually  placed  parallel.  The  character  of  the  spores  seems  to  be  the  same 
throughout,  although  the  fruits  in  which  they  are  contained  oiler  several 
successive  degrees  of  complexity :  the  favellce  of  Ceramiece,  and  the  favel- 
lidia  of  Cryptonemiece,  immersed  or  superficial  groups  of  spores  surrounded 
by  a  hyahne  coat — the  coccidia  of  JDelesseriece,  hollow  cases  with  thick 
membranous  walls,  containing  a  dense  tuft  of  spores  arising  from  a 
central  peduncle — and  the  ceramidia  of  Polysiphonia  &c,  ovate  or  urn- 
shaped  cases  with  thin  and  membranous  walls,  having  a  tuft  of  spores  at 
the  base — all  these  are  but  slight  modifications  of  one  (the  conceptacular) 
kind  of  fruit,  which  produces  the  true  spores.  The  various  modes  of 
arrangement  of  the  tetraspores,  which  appear  from  Pringsheim's  observa- 
tions to  be  gonidia,  or  gemmulary  bodies,  since  they  grow  up  at  once  into 
a  new  thallus,  while  the  other  spores  do  not,  the  scattered  arrangement, 
the  son  or  definite  groups,  and  the  stichidia  or  metamorphosed  branches 
enclosing  tetraspores,  have  a  like  relation  ;  and  an  analogous  relation  runs 
through  the  modes  of  arrangement  of  the  antheridia,  which,  it  may  be 
mentioned,  are  rarely  found  in  the  same  individuals  of  the  species  as  the 
spores.  The  antheridia  discharge  minute  spherical  corpuscles,  to  which 
the  best  observers  deny  the  power  of  active  motion,  as  is  the  case  in 
regard  to  the  spermatid  of  Lichens  and  Fungi;  but  they  are  generally 
supposed  to  have  a  fertilizing  function  (see  Physiology).  The  simpler 
forms  of  thallus  occurring  in  this  Order  rolate  it  to  Ulvece  and  Confer voidea, 
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while  the  existence  of  tetraspores,  globular  spores,  and  antheridia  in  the 
Dictyotacese  makes  that  Order  form  a  direct  transition  to  the  Fucacese. 
The  mode  of  fertilization,  by  means  of  the  antherozoids,  and  the  tricho- 
gyne,  is  described  under  the  head  of  lleproduction. 

Distribution.-— The  lied  Seaweeds  are  generally  diffused,  but  diminish 
from  warm  temperate  latitudes  both  to  the  equator  and  the  poles.  They 
occur  in  deeper  water  than  the  Olive  Seaweeds,  and  below  tide-marks, 
flourishing  best  in  quiet  bays. 

Qualities  and  Uses. — The  abundant  gelatinous  or  horny  substance  of 
the  thallus  of  many  kinds,  composed  of  a  modification  of  cellulose  related 
to  gum  and  starch,  renders  them  nutritious :  Chondrus  orispm  is  the 
"  Carrageen  "  or  Irish  Moss ;  PJtodymenia  palmata,  Iridcea  edulis,  and  other 
plants  of  the  Order  yield  a  similar  excellent  jelly  when  boiled.  Plucmia 
tenax  is  largely  used  by  the  Chinese  for  making  glue.  Some  have  pun- 
gent qualities,  as  Laurenoia pinnabifida,  called  "Pepper-dulse."  Plocaria 
Helminthochorton,  Corsican  Moss,  has  the  reputation  of  being  anthel- 
mintic. The  Corallinece,  including  common  Corallines  {CorcdJma  offici- 
nalis) and  "  Nullipores "  (Melobesia),  long  supposed  to  be  of  animal 
nature,  are  very  curious  on  account  of  their  complete  interpenetration  by 
carbonate  of  lime,  giving  them  a  brittle  and  sometimes  stony  character. 

(Dictyotaceje  are  olive-coloured  Seaweeds  with  a  continuous  thallus, 
bearing  the  reproductive  organs  in  definite  groups  or  lines  (son)  upon 
the  surface — the  spores,  tetraspores,  and  antheridia  being  all  developed 
in  an  analogous  manner  from  the  cortical  layrer,  bursting  through  its 
cuticular  pellicle.  This  small  Order  is .  included  by  Decaisne  in  the 
Section  Laminariese  of  the  Tribe  Aplosporese,  but  has  been  shown  by 
Thuret  to  be  quite  distinct  from  the  other  Olive-coloured  Seaweeds  ;  it  is 
very  interesting  as  presenting,  in  a  special  condition,  exactly  similar 
spores,  tetraspores,  and  antheridia  to  those  of  the  Ehodospermeas,  which 
they  thus  connect  with  the  Fucaceae,  with  which  they  agree  in  habit  and 
were  formerly  combined.  They  belong  rather  to  wanner  localities^  and 
are  more  delicate  than  the  Fucacere,  sometimes,  as  in  Padina,  exhibiting 
attractive  colours.  They  are  of  no  known  use.  Genera :  Dictyota,  Lamx. ; 
Dictyopteris,  Lamx. ;  Taonia,  J.  Agh. ;  Padina,  Adam.) 


Order  CLXXV.  FUCACE^].    Sea- Wracks. 

Class.  Algse,  Endl.    All.  Algales,  Lindl. 

547.  Diagnosis. — (Fig.  464.)  Olive-coloured  Seaweeds  of  gelati- 
nous, cartilaginous,  or  horny  texture,  with  a  foliaceous  or  shrub-like 
or  cord-like  thallus,  attaching  itself  to  rocks  by  a  simple  or  lobed 
and  ramified  discoid  base ;  fructification  in  receptacles  formed  out  of 
lobes  of  the  fronds  (a),  the  external  surface  of  which  is  pierced  with 
orifices  leading  to  chambers  (conceptacles,  b)  lined  with  filaments 
intermixed  Avith  spore-sacs  {e)  or  filamentous  antheridia  (c),  or  both 
of  these  ;  the  olive-coloured  spores  4  or  8  in  a  spore-sac,  from  which 
they  escape  when  mature,  and  are  fertilized  by  the  active  2-ciliated 
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corpuscular  spermatozoids  (d)  after 
they  are  detached  from  the  parent. 

Ldlusthatitb  G-exeba. 

Sargassum,  Humph. 
Oystoseira,  Agli, 
Halidrys,  Lyngb. 
BOmanthalia,  Lyngb. 
Pycnophycus,  Kutz. 
Fucus,  L. 

Affinities. — Some  of  the  filaments  lining 
the  conceptacles  become,  after  a  time, 
swollen,  and  are  filled  by  brownish  mat- 
ter ;  this  brown  matter  is  developed  into 
2,  4,  or  8  spores,  which  escape  from  a 
small  orifice  at  the  apex  of  the  concep- 
tacle,  through  which  also  subsequently 
pass  the  tufts  of  sterile  hairs  which  do 
not  undergo  metamorphosis  into  spores. 
Sometimes  the  antheridia  are  present  in 
the  same  conceptacles  as  the  sporanges ; 
or  they  are  bome  on  a  separate  plant 
(dioecious).  The  antheridia  consist  of 
OToid  cells,  some  on  branched  threads 

and  containing  a  whitish  mass,  inter-  organization  of  Eucacea;:— A.  Halidrys 
spersed  throughout  which  are  a  number  mUqvosa,  half  the  nat.  size:  a,  pods  or 
of  red  granules     The  antheridia  are  ^^'S^Sm^JSS^ 

ejected  through  the  orifice  Ot  the  COUCep-  tacle,  the  cavity  of  which  is  lined  by 
tacle,  and  themselves  give  exit  to  mime-     antheridia  (c)  producing  spermatozoids 

rous  antherozoids,  each  provided  with  a  and  by  8P°re-aac8  W- 
couple  of  extremely  fine  cilia,  and  containing  a  red  granule.  According 
to  our  present  knowledge  the  Fucacece  are  strikingly  separated  from  the 
other  Olive  Seaweeds — from  the  Dictyotacere  by  the  absence  of  tetraspores 
and  by  the  character  of  their  antheridia,  and  from  the  Phasosporeaa  bjrthe 
absence  of  the  reproductive  zoospores  and  by  other  points  of  organization. 
They  appear  to  be  allied  to  the  Confervoid  forms,  through  Phseosporea?, 
more  closely  than  to  Rhodosperniese ;  but  their  reproductive  organs  are 
formed  on  a  higher  type. 

Distribution. — Universal ;  especially  found  on  rocks  between  tide-marks, 
or,  if  growing  in  deeper  water,  buoyed  up  to  the  surface  by  vesicular 
floats ;  very  large  in  the  Southern  Ocean. 

Qualities  and  Uses. — The  gelatinous  substance  of  which  the  thallus  is 
composed  renders  some  of  these  plants  available  as  food  for  man  or  ani- 
mals where  better  productions  are  scarce ;  but  their  chief  value  is  as  a 
source  of  iodine,  extracted  from  the  "kelp"  or  ashes,  which  were  for- 
merly an  important  source  of  soda  also.  The  Fuci  are  also  largely  used 
for  manure  in  maritime  localities.  Sargassum  bacciferum  forms  the 
celebrated  masses  of  "Gulf-weed"  in  the  Atlantic  Ocean.  Fucus  vesi- 
culosus,  the  common  Bladder-wrack,  grows  everywhere  on  our  coast 
between  tide-marks. 

u2 
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Order  CLXXVI.  PILEOSPORE^E.    Olive  Seaweeds. 

Class.  Algae,  Endl.    All.  Algales,  Lindl. 

548.  Diagnosis. — Olive-coloured  or  brown  Seaweeds  with,  a  foli- 
aceous,  shrubby,  or  branched  filamentous  thallus ;  reproduced  by  zoo- 
spores, having  two  cilia,  one  directed  forwards,  the  other  backwards/ 
formed  in  clavate  cells  or  multicellular  filaments,  collected  in  more 
or  less  definite  groups  on  the  cortical  layer  of  the  thallus  of  the 
larger  lands,  in  lateral  tufts  or  terminal  on  the  branched  filamentous 
kinds. 

Illustrative  Genera. 


Chorda,  Stachh. 
Laminaria,  La>nx. 
Dictyosiphon,  Grev. 


Punctaria,  Grev. 
Desmarestia,  Lamx. 
Myriotrichia,  Harv. 


Ectocarpus,  Lyngb. 
Myrionema,  Grev. 
Leathesia,  Gray. 


Affinities. — This  group  corresponds  to  the  tribe  Laminarieae  of  the 
group  Aplosporese  of  Decaisne.  The  genera  included  in  this  Order  with 
highly  developed  thallus  approximate  to  the  Fucaceae,  with  which  they 
are  sometimes  associated ;  but  it  has  been  discovered  by  Thuret  that  the 
so-called  "  spores  "  are  sacs  producing  zoospores,  which  germinate  and 
produce  new  plants  like  those  of  Confervoids ;  they  are  distinguished, 
however,  from  the  zoospores  of  that  group  by  the  arrangement  of  the 
cilia,  which  are  here  two  in  number,  unequal  in  size,  and  take  reverse 
directions  as  they  leave  the  body  of  the  zoospore,  resembling,  in  fact,  the 
form  exhibited  in  the  spermatozoids  of  Fucus.  The  size  and  number  of 
the  zoospores  are  not  constantly  the  same  in  the  same  plant ;  and  in  dif- 
ferent cases  the  organs  producing  the  zoospores  are  large  clavate  sacs  or 
chambered  filaments,  the  number  of  zoospores  in  a  cell  being  either  de- 
finite or  indefinitely  great,  on  account  of  more  advanced  segmentation  of 
the  contents.  The  mode  of  reproduction  and  the  forms  of  the  thallus  in 
such  genera  as  Ectocarpus  &c.  bring  this  Order  very  near  to  the  Con- 
fervoidese.  Much  obscurity  still  prevails  here,  since  antheridia  coexist 
with  reproduction  by  zoospores  in  Cutleria,  and  appear  to  exist  in  Spit  a  - 
celaria  and  Cladostephus,  which  also  reproduce  by  zoospores. 

Distribution,  Qualities,  &c. — Much  the  same  as  in  Fucacese.  Laminaria 
diffilataa.nisaccharina&Te  eaten  (under  the  name  of  Tangle)  on  the  coasts 
of  the  north  of  Europe,  as  also  is  Alaria  esculenta. 


Order  CLXXVII.  CONFERVOIDE^E.  Silk-weeds. 

Class.  Algae,  Endl.    All.  Algales,  Lindl. 

549.  Diagnosis. — (Fig.  465.)  Plants  with  a  filamentous,  mem- 
branous, gelatinous,  or  pulverulent  thallus,  growing  in  fresh  or 
salt  water,  or  on  moist  substances,  of  a  bright  green  or,  more  rarely 
(often  temporarily),  red  colour,  reproduced  by  zoospores  discharged 
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from  the  ordinary  cells  of  the  thallus  (A,  d),  or  by  spores  formed  in 
these  cells  after  impregnation  hy  combination  of  the  contents  of 
two  cells,  either  by  conjugation  (C,  c),  or  by  the  transference  of 
spermatozoids  into  the  parent  cell  of  the  spore,  the  spores  (C,  d) 
passing  through  a  stage  of  rest  before  germination. 

Fig.  465. 


Organization  of  Confervoid  Algse : — A.  Filaments  of  Spirogyra  quinina :  a,  in  natural  condition 
(magnified  50  diameters) ;  6,  two  filaments  conjugating ;  c,  a  spore  formed  in  one  cell  from 
the  mixed  contents;  d.  a  free  spore;  e,  the  same  germinating.  B.  Protococcus  viridis 
(magn.  200  diameters) :  a,  a  group  of  cells  cohering  byjelly-like  matter ;  b,  four  cells  formed 
by  division  of  a  cell  of  o,  and  two  zoospores  escaped  from  one  of  the  cells,  subsequently 
settling  down  as  resting-cells,  c.  C.  Cladophoru  glomerata:  a,  filaments,  of  natural  size; 
6,  the  top  of  a  branched  filament,  magnified ;  c,  cells  about  to  form  zoospores ;  d,  the  same, 
with  the  zoospores  escaping  from  the  uppermost  cell;  e,  zoospores  germinating  into  new 
filaments. 


Illustrative  Genera. 


Codii 


i,  Stackh. 
Eryopsis,  Lamx. 
Vaucheria,  DC. 
Botrydium,  Wallr. 
Draparnaldia,  Bory. 
(Edogonium,  Link. 
Spirogyra,  Link. 
Sphaeroplea,  Agh. 
Coleoehrete,  Br6b. 


Hydrodictyon,  Roth. 
Ulva,  At/h. 
Tetraspora,  Dec. 
Nostoc,  Vauch. 
Botrydina,  Breb. 
Clathrocystis,  Henf. 
Palmella,  Agh. 
(Achlya,  Nees.) 
(Chytridium,  AI.  Br.) 
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Affinities. — The  specialities  of  the  very  multiform  group  represented  by 
the  above  list  of  genera  can  scarcely  be  dealt  with  in  a  work  like  the 
present ;  and,  in  fact,  our  knowledge  of  the  essential  characters  of  the  plants 
is  at  the  present  time  undergoing  a  thorough  reconstruction.  In  the  defini- 
tion of  the  group  of  Confervoids  here,  the  Oscillatoriacese  and  the  other  per- 
manently active  forms  are  excluded.  The  Oscillatoriaceoe  are  organized  in 
a  very  different  way  from  the  true  Confervoids,  while  till  lately  it  has 
been  doubted  whether  Diatomaceas,  Desmidwee,  and,  above  all,  Voivocineaj 
are  even  vegetables  at  all.  The  Confervoids  proper  are  mostly  very 
simple  cellular  organisms,  with  chlorophyll  and  starch  in  the  cells  while 
they  are  actively  vegetating;  the  majority  discharge  the  cell-contents  in 
the  shape  of  one  or  many  active  zoospores,  with  2  or  more  cilia  at  a  beak- 
like extremity,  or  with  cilia  all  over  the  surface  (  Vaucheria) ;  besides 
which  process,  sexual  reproduction  has  been  observed  in  Zygnema  by  con- 
jugation, in  (Edogonium,  Spliceroplea,  V nicheria,  Bulbocluete,  &c.  by  sper- 
matozoids  derived  from  one  cell  entering  the  cavity  of  the  parent  cell  of 
the  spore ;  and  in  all  probability  this  will  be  found  general.  The  mode  of 
fertilization  will  be  found  described  under  the  head  of  Physiology  of  Re- 
production. The  spores  formed  after  fertilization  become  encysted  in  a 
firm  coat,  thrown  off  in  germination,  which  commonly  ensues  only  after 
a  long  interval.  The  Palmellece  are  forms  not  yet  well  explained,  composed 
of  solitary  cells  imbedded  in  a  common  mucus  ;  they  appear  to  stand  at 
the  lowest  point  of  organization  in  the  Vegetable  Kingdom,  if  they  be  not, 
like  the  "  Yeast  Plant  "  and  similar  conditions  of  Fungi,  stages  of  growth 
of  higher  forms. 

Tbe  genera  above  grouped  by  Professor  Henfrey  under  the  head  of 
Confervoideas  are  more  naturally  grouped  by  Decaisne  under  several 
distinct  sections  of  varying  degrees  of  importance  as  follows  : — 

1.  Conferva,  comprising  plants  consisting  of  tubes  or  cells  containing 
ovoid  spores  provided  with  2—4  vibratile  cilia. 

2.  Unicellulares.  Plants  consisting  of  a  single  cell  producing  numerous 
ciliated  spores. 

3.  (Edogoniece.  Filamentous  Algne,  producing  spores  either  by  the  ag- 
gregation of  the  green  colouring-matter  of  the  cell  into  a  spheroidal  mass, 
which  escapes  from  the  parent  cell  by  a  special  aperture  in  its  wall,  and 
is  then  seen  to  be  provided  with  a  crown  of  vibratile  cilia,  or  as  the  result 
of  sexual  agency.  The  antheridia  consist  of  filaments,  each  cell  of  which 
contains  1  or  2  spermatozoids,  which  escape  by  the  lifting  of  a  lid-like 
valve  of  the  cell-wall  and  fertilize  the  spore  as  above  stated. 

4.  Vaucheriece.  Unicellular  Algre,  producing  two  kinds  of  reproductive 
organs— the  one  resulting  from  the  concentration  of  the  green  matter  at 
the  extremity  of  the  filaments  into  an  oval  active  spore  covered  with  cilia, 
the  other  formed  as  a  result  of  sexual  agency.  The  antheridia  appear  m 
the  form  of  small  horns  placed  in  the  proximity  of  ovoid  sporangia.  _  1  liese 
antheridia  contain  numerous  extremely  minute  spermatozoids,  which  es- 
caping fertilize  the  sporangium  and  determine  the  formation  of  a  spore, 
which  does  not  germinate  immediately,  but  only  after  the  lapse  of  some 

tlI5G'  Saprolegniece.  A  group  of  imperfectly  known  Algre,  resembling  the 
Vaucherias  in  their  structure,  presenting  rounded,  moveable,  ciliated  zoo- 
spores and  also  antheridial  filaments,  fertilizing  certain  spherical  sporangia. 
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These  plants  are,  by  De  Bary,  regarded  as  belonging  to  Fungi,  having 
similar  powers  of  decomposing  carbonic  acid,  and  of  living  on  organic 
matter,  such  as  the  bodies  of  flies  or  even  of  fish.  They  will  be  further 
alluded  to  under  the  head  of  Fungi. 

6.  Synsporece  or  Conjugate.  Filamentous  or  unicellular  Algae,  repro- 
duced by  the  process  of  conjugation.  This  group  comprises  the  Desmidiese, 
of  which  further  notice  wiil  be  found  hereafter. 

7.  Diatomacece.    These  are  also  alluded  to  in  the  following  pages.  _ 
Distribution,  Qualities,  &c— Met  with  universally  in  fresh  and  brackish 

water,  some  genera  also  on  sea-coasts,  growing  on  rocks,  large  Algre,  &c. 
Some  of  them  occasionally  appear  suddenly  in  vast  quantity,  colouring 
lakes  green ;  or,  as  in  the  case  of  Palmella  nivalis,  giving  rise  to  the  phe- 
nomenon called  "Red  Snow."  Palmella  omenta  often  forms  large  patches 
of  substance  like  kalf-coagulated  blood  on  damp  stones  and  rocks.  The 
green  slimy  matter  of  stagnant  pools  is  mostly  composed  of  interwoven 
masses  of  filamentous  Confervoids,  which  present  most  beautiful  and 
varied  forms  under  the  microscope.  Ulva  (marine)  produces  large  mem- 
branous fronds,  which  are  sometimes  eaten  under  the  name  of  Green 
Laver. 

(OscrxLATORiACEiE.  Microscopic  filamentous  structures,  usually  col- 
lected into  patches  of  definite  or  indefinite  form,  extending  by  peripheral 
growth,  composed  of  continuous  tubular  sheaths  enclosing  a  green  or 
brown  gelatinous  matter  marked  by  transverse  striae,  where  the  substance 
is  divided  into  series  of  longer  or  shorter  pieces,  often  escaping  from  the 
tube,  ultimately  resolved  in  reproduction  into  discoid  fragments,  which, 
when  free,  become  globular.  The  gelatinous  "  core,"  the  vital  part  of  the 
structure,  is  capable  of  a  peculiar  movement,  which  causes  tbe  free  por- 
tions or  extremities  of  the  filaments  to  vibrate  like  a  pendulum,  or  with  a 
slightly  vermiform  oscillation,  whence  the  name  of  the  Order.  Reproduc- 
tion by  spores  unknown.  Our  knowledge  of  the  essential  characters  of 
this  Order  is  very  imperfect ;  and  the  only  mode  of  reproduction  known  is 
by  simple  division  of  the  central  substance  of  the  filaments,  the  portions 
slitting-  out  of  the  ends  of  the  sheaths  and  secreting  a  new  coat  of  their 
own.  Their  peculiar  oscillating  motion  is  one  of  the  marvels  of  Vegetable 
Physiology ;  they  appear  to  be  totally  destitute  of  cilia.  Their  move- 
ments, and  tbe  nature  of  their  central  substance  (apparently  devoid  of 
starch,  and  coloured  by  different  matters  besides  chlorophyll),  seem  to 
indicate  a  relation  between  Oscillatoriacese  and  Diatomacece,  which  would 
connect  the  latter  with  Confervoids.  They  occur  in  water,  fresh  and  salt, 
and  on  damp  earth,  everywhere.  Genera:  Oscillatoria,  Bosc ;  Micro- 
coleus,  Desmaz. ;  Calothrix,  Agh. ;  Rivularia,  Roth.) 


Order  CLXXVIII.  DIATOMACECE. 

Class.  Algas,  Endl.    All.  Algales,  Lindl. 

550.  Diagnosis.— (Pig.  462,  B,  C,  page  428.)  Microscopic  unicel- 
lular plants,  occurring  isolated  or  in  groups  of  definite  form,  usually 
surrounded  by  a  gelatinous  investment,  the  cells  exhibiting  more 


440 


SYSTEMATIC  BOTANY. 


or  less  regular  geometrical  outlines,  and  enclosed  by  a  membrane 
striated  or  granular,  cither  simply  tough  and  continuous,  or  im- 
pregnated with  silex  and  separable  into  valves.  Reproduction  by 
spores  formed  after  conjugation  of  the  cells  (d),  by  zoospores  formed 
from  the  cell-contents,  and  by  division. 

Illustrative  Genera. 


Subord.l.  DESMiDiEiE  (fig.462,B). 
Cell-membrane  without  silica,  con- 
taining  chlorophyll  and  starch. 

Closterium,  Nitzsch. 

Cosmarium,  Mcnegh. 

Euastrum,  Ehr. 

Pediastrum,  Meyen. 

Desmidium,  Agh. 


Subord.  2.  Diatome;b  (fig.  4G2,C). 
Cell-membrane  impregnated  with 
silex,  valvular,  containing  a  brown 
colouring-matter. 

Eunotia,  Ehr. 

Diatoma,  DC. 

Navicula,  Bory. 

Isthmia,  Agh. 

Melosira,  Agh. 


Affinities,  &c. — These  organisms  were  formerly  included  among  Infu- 
sorial Animalcules ;  but  the  vegetable  character  is  very  strongly  marked 
in  Desmidiece;  and  the  reproduction  by  conjugation,  characteristic  of 
certain  tribes  of  Confervoids,  occurs  not  only  in  Desmidiece,  but  in  Dia- 
tomece,  which  in  respect  to  general  organization  cannot  well  be  separated 
from  the  Desmidiece,  although  the  nature  of  the  cell-contents  has  more  of 
the  character  of  what  we  are  accustomed  to  regard  as  animal  substance. 
The  Diatomece  are  also  remarkable  for  the  way  in  which  they  divide  by 
segmentation  into  a  number  of  distinct  frustules,  each  of  which  grows 
into  a  perfect  plant. 

Distribution,  &c. — Desmidiece  occur  in  all  quiet  pools  of  pure  water,  at 
the  bottom  or  adhering  to  other  plants.  Diatomece  are  universally  dif- 
fused, not  only  in  fresh  water,  but  in  the  sea  and  on  moist  ground,  in  all 
of  which  situations  their  siliceous  cell-walls  cause  their  remains  to  accu- 
mulate, if  left  undisturbed,  until  they  may  form  actual  mineral  strata. 

(VoLVOCrNEiE  are  microscopic  bodies  swimming  in  fresh  water  by  the 
aid  of  cilia  arranged  in  pairs  upon  the  surface  of  a  common  semigelatinous 
envelope,  the  pairs  of  cilia  each  belonging  to  a  green  corpuscle  resembling 
the  zoospore  of  a  Confervoid,  imbedded  in  the  periphery  of  the  common 
envelope.  Reproduction  by  the  development  of  each  corpuscle  into  a 
new  colony,  the  whole  being  set  free  by  the  solution  of  the  parent 
envelope,  or  by  conversion  of  the  corpuscles  into  encysted  resting-spores 
like  those  of  Confervoids.  These  curious  and  beautiful  objects,  found  in 
similar  situations  with  the  Confervoids,  appear  more  closely  related  to  that 
group  of  organic  beings  than  to  any  form  distinctly  recognizable  as  mem- 
bers of  the  Animal  Kingdom ;  the  persistence  of  the  power  of  motion 
throughout  the  period  of  vegetative  lite  being  the  only  animal  (?)  character. 
Genera :  Volvox,  Lam. ;  Pandorina,  Ehrenb. ;  Stephanosphcsra,  Cohn  ; 
Gonium,  Lam.) 
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Class  II.  AEROPHYTA. 

551.  Thallophytes  growing  and  fructifying  in  the  air,  reproduced 
by  spores  formed  in  asci,  and  by  green  gonidia  formed  in  the  medul- 
lary layer  of  the  thallus. 


Order  CLXXIX.  LICHENACEvE. 


Class.  Lichenes,  Midi.    All.  Lichenales,  Lindl. 

552.  Diagnosis. — Plants  usually  of  dry,  dead-looking  aspect,  con- 
sisting of  a  thallus  of  foliaceous  or  shrubby  form,  or  of  scaly,  crus- 
taceous,  leprous,  horny,  papyraceous  consistence,  bearing  local 
fructification  either  in  cavities  in  the  thallus  and  opening  ultimately 
by  a  pore  on  the  surface  (angiocarpous,  fig.  466),  or  expanded  into 
shield-like,  cup-shaped,  or  linear  projecting  processes  (gymnocarpous, 
fig.  467).  Reproduction  (vegetative)  by  gonidia,  green  cells  at  first 
hidden  in  the  interior  of  the  thallus,  and  by  spores,  4—8  or  a  greater 
number,  produced  in  tubular  spore-sacs  (asci,  fig.  466,  B),  formed  in 
the  excavated  or  expanded  fruits ;  antheridia  (?)  in  special  excava- 
tions of  the  thallus  (spermogonia),  producing  minute  stick-shaped 
corpuscles  (spermatia,  fig.  466,  C). 


Opegrapha,  Pers. 
Umbilicaria,  Hoffm. 
Verrucaria,  Pers. 
Endocarpon,  Hedw. 
Sphserophoron,  Pers. 


Illustrative  Genera. 

Cladonia,  Hoffm. 
Lecidea,  Ach. 
Stereocaulon,  Schreb. 
Parmelia,  Fr. 
Sticta,  Schreb. 


Cetraria,  Ach. 
Roccella,  DC. 
Ramalina,  Ach. 
Evernia,  Ach. 
Collema,  Ach. 


The  thallus  of  the  Lichens  mostly  grows  in  exposed  situations,  as  on 
rocks,  walls,  the  bark  of  trees,  &c.,  never  immersed  in  water  like  that  of 
the  Alga3,  but  receiving  its  supply  of  moisture  from  the  atmosphere.  It 
varies  from  a  pulverulent  or  papillose  crust  to  a  leathery  or  homy  folia- 
ceous expansion  (fig.  467,  A),  or  tufted  shrubby  mass.  In  the  crust-like 
forms  it  adheres  firmly  to  the  supporting  object;  in  the  foliaceous  and 
shrubby  forms  it  is  free,  and  spreads  more  or  less  widely  from  its  point  of 
attachment.  In  all  but  the  simplest  forms  it  exhibits  certain  differences 
in  its  internal  and  external  tissues  ;  the  thallus  has  a  firm  cortical  layer 
above  and  below,  between  which,  more  or  less  developed  in  different  cases 
is  a  central  looser  mass  composed  of  interlacing  colourless  cellular  filaments! 
Among  the  latter  occur  green  cells,  called  gonidia,  which  are  capable  of 
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reproducing'  the  plants  vegetativoly  when  set  free.  The  cells  of  the  cor- 
tical Layer  do  not  contain  chlorophyll, 
and  ari\  usually  dry,  horny,  and  of  a 
dull  grey  or  brown  colour.  Crystals 
of  oxalate  of  lime  are  often  inter- 
mixed with  the  filaments  of  the  cen-  Fig-.  4G6. 
tral  layers. 

The  fruits  of  the  Lichens  occur  as 
modifications  of  two  principal  types, 
the  shields  (apothecia,  fig.  467)  and 
the  conceptacles  (perithecia,  fig.  466 ) . 
The  perithecia  are  chambers  excava- 
ted in  thickened  parts  of  the  thallus, 
or  in  special  branch-like  lobes  (fig. 
466,  a),  opening  externally  by  a  pore, 
and  lined  by  tubular  sacs,  the  parent 
cells  of  the  spores  or  thecce  (B). 
These  thecre  contain  usually  a  row 
of  spores  (4  or  8,  or  sometimes  a 
larger  number),  which  escape  by  the 
thecre  bursting,  and  are  discharged 
from  the  orifice  of  the  conceptacle 
or  perithecium.  The  spores  are  very 
variable  in  size,  and  consist  of  two 
layers,  an  epispore  and  an  endospore ; 
the  former  is  tinged  blue  on  the  addi- 
tion of  iodine.  When  the  spores  ger- 
minate they  produce  a  filamentous 
thallus.  In  addition  to  the  above- 
named  reproductive  organs  there 
are  others  called  pycnidia,  whose 
nature  and  office  are  at  present  not 
clearly  ascertained.  They  are  like 
the  spermogonia  in  form,  and  contain 
minute  bodies  called  stylospores. 

The  other  form  of  fruit,  the  apothecium  (fig.  467,  C,  ci)  consists  of  similar 
elements ;  but  instead  of  being  a  closed  chamber,  it  is  a  free  open  cup,  or 
shield-shaped  or  linear  body,  sessile  or  stalked  on  the  thallus,  bearing  the 
thecce  exposed  on  its  upper  face.  Different  names  are  applied  by  liche- 
nologists  to  the  various  forms  of  the  apothecium,  according  to  the  general 
form,  such  as  peltce,  scutellce  (fig.  467),  patella,  lireUce,  &c. 

Lichens  with  perithecia  are  called  Angiocarpous,  those  with  apothecia 
Gymnocarpous. 

Smaller  chambers,  analogous  in  structure  to  the  perithecia,  but  lined  by 
filaments  producing  extremly  minute  bacilliform  corpuscles,  occur  in  the 
thallus  of  all  Lichens  (fig.  467,  C,  s) ;  they  are  called  spermogonia,  and  the 
corpuscles  spermatia  ;  they  are  supposed  to  represent  antheridia,  and  the 
corpuscles  to  possess  a  fertilizing  function. 

The  spermatia  have  usually  been  considered  motionless  or  mani- 
festing only  the  Brownian  movement  common  to  all  minute  particles, 
organic  or  inorganic ;  but  Itzigsohn  and  other  botanists  affirm  that  they 


Fig.  46(i.  A.  Fertile  branch  of  the  thallus  of 
Sphmroplioron  corn/hides,  with,  a,  a  peri- 
thecinni,  and  Bpermogonia.  B.  Thecffl 
and  parnphyses  from  the  perithecium. 
C.  Spermatia  from  the  spermogonium. 

Fig.  467.  A.  Branch  of  Ramulitut  f'nuinea. 
B.  A  fragment  with  apothecia.  C.  A 
section  of  a  fragment  magnified,  show- 
ing, a,  apothecium,  and  s,  spermogonia. 
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are  endowed  with  a  power  of  movement  from  place  to  place,  as  in  the  case  of 
the  antherozoids  of  other  Cryptogams,  and  also  with  a  movement  on  then- 
own  axis.  Lortet  affirms  that  the  spermatia,  unlike  those  of  Mosses,  are 
influenced  by  induction-currents  of  electricity ;  the  spermatia  range  them- 
selves in  lilies  parallel  to  the  direction  of  the  current,  as  if  polarized. 
When  the  current  is  broken,  the  spermatia  disperse  over  the  field  of  the 
microscope. 

Affinities—  The  relations  of  the  Lichens  to  the  Fungi  are  exceedingly 
close,  so  much  so  that  it  is  difficult  to  discover  an  exact  line  of  demarca- 
tion between  the  Angiocarpous  Lichenes  and  the  Pyrenomycetous  Fungi. 
Some  authors  combine  them  into  one  class ;  but  as  a  rule  chlorophyll  and 
starch  do  not  present  themselves  in  Fungi,  while  the  gonidia  of  Lichens 
are  coloured  green  by  chlorophyll  and  they  contain  starch,  and  are  hence 
coloured  blue  on  the  addition  "of  iodine.  Some  botanists  are  of  opinion 
that  Lichens  consist  merely  of  the  filaments  of  Fungi  implanted  on  the 
tissue  of  an  Alga.  Others  think  that  the  1-celled  Algffi,  whose  develop- 
ment is  like  that  of  the  gonidia  of  Lichens,  are  precisely  those  gonidia  set 
at  liberty.  Famintzin  says  that  "  zoospores  are  produced  from  the 
gonidia  of  Lichens.  Some  of  the  Lichens  are  truly  parasitic ;  but  the 
majority  are  only  epiphytic,  when  they  grow  on  bark  &c.  The  thallus  of 
Lichens  has  a  great  power  of  absorbing  moisture  from  the  atmosphere ; 
hence  the  plants  are  enabled  to  grow  on  exposed  rocks  and  in  other  dry 
situations. 

Distritration. — All  parts  of  the  world,  but  forming  a  very  large  propor- 
tion of  the  entire  vegetation  in  the  higher  regions  of  mountains  and  in 
polar  latitudes. 

Qualities  and  Uses. — Many  Lichens  are  very  nutritious ;  a  number  of 
them  yield  valuable  dyes  ;  some  are  mediciaal,  others  aromatic.  Among 
the  more  important  nutritious  kinds  are: — Cladonia  rangiferma,  "Reindeer 
Moss ; "  Cetraria  islandica,  Iceland  Moss,  and  C.  nivalis ;  Umbilicaria 
(various  species),  constituting  "  Tripe-de-roche  "  of  the  North-American 
hunters ;  Lecanora  esculenta  (Tartary)  and  L.  ajjinis,  Sficta  prdmonaria, 
&c.  From  Lecanora  tartarea,  the  purple  dye  called  Cudbear  is  obtained ; 
Parmelia  parietina,  common  on  walls  and  roofs,  gives  a  yellow  colour ; 
Roccella  tinctoria  (Mediterranean  and  Cape-Verd  Islands,  &c),  R.  fu- 
ciformis  (Madeira,  Angola,  Madagascar,  S.  America),  and  JR.  hypomecha 
are  Orchil-weeds,  from  which  the  dyeing  material  Orchil  or  Orchel  is  ob- 
tained— litmus  being  obtained  from  these  and  other  species  of  lioccella. 
Some  species  contain  a  considerable  quantity  of  oxalate  of  lime  in  the 
form  of  crystals. 


Class  III.  HYSTEROPHYTA  or  FUNGI. 


553.  Thallophytcs  growing  in  or  on  living  or  decaying  organic 
substances,  and  fructifying  in  the  air ;  vegetative  organs  or  myce- 
lium consisting  of  elongated  cells,  destitute  of  chlorophyll  and  starch; 
reproductive  organs  varied  in  form ;  spores  external  or  formed  in 


asci. 


The  Fungi  exhibit  the  greatest  simplicity  and  homogeneity  in  the  vege- 
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tatiye  structure,  and  a  most  wonderful  and  intricate  complexity  and  variety 
m  the  ortrans  connected  with  reproduction.  The  thallus  is  alike  i„  con- 
struction in  a  1 Fungi,  from  the  simple  Mildew  (fig.  408)  up  to  the  lanrest 
Agaric  (fig.  409).    It  consists  of  an  assemblage  of  b  anched  tuoX 


Fig.  468. 


A.  Yeast-plant  vegetating.  B.  Aspergillus  glaueu*. 

C.  Pemcillium  glaucum.  D.  Mucor  Itucedo. 

Magnified  200  diameters. 

cellular  filaments,  containing  no  colouring-matter,  and  appearing  in  the 
form  of  simple  filaments,  or  of  fibres,  or  of  membranes,  or  of  gelatinous 
pulp,  or  of  globular  tubercles;  the  latter  condition,  indeed,  is  but 
transitory,  and  presents  analogies  with  the  formation  of  tubers  from  which 
shoots  ultimately  spring.  In  like  manner  the  globular  tubercles  give  ori- 
gin to  a  filamentous  mycelium.  The  clouds  in  decaying  infusions,  the 
"  spawn  "  of  Mushrooms,  the  woolly  or  cottony  masses  on  the  roofs  and 
walls  of  cellars,  the  gelatinous  mass  of  the  "  vinegar-plant,"  all  present 
the  same  simple  structure  under  the  microscope,  and  all  exhibit  the  same 
indefinitely  expanding. mode  of  growth  from  all  free  points  ;  hence  it  re- 
sults that  they  have  no  definite  general  form,  and  spread  out  more  or  less 
widely  according  to  external  conditions,  dying  away  by  degrees  in  the 
older  central  parts  of  the  mass.  This  kind  of  thallus  is  known  by  the 
name  of  mycelium,  and  is  of  varying  duration  in  different  cases,  sometimes 
annual, fructifying  only  once,  or  oftener  in  different  species.  It  is  apparently 
only  capable  of  growth  when  it  receives  nourishment  from  organic  sub- 
stances, and  is  found  therefore  in  rich  vegetable  mould,  decaying  organic 
matter,  or  parasitic  on  living  plants  or  animals.    It  is  almost  always 
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colourless,  sometimes  brownish ;  but  neither  this  nor  any  other  part  of 
the  structure  of  Fungi  contains  chlorophyll  or  starch. 

The  reproductive  organs  of  Fungi  differ  importantly  in  different  Orders. 
The  simplest  plants  of  the  Class  are  included  m  the  Haplomycetous  Fungi, 
including  the  Mildews  and  Moulds,  which  consist  of  a  flocculent  mycelium, 
from  which  arise  free,  simple  or  branched  filaments  of  microscopic  dimen- 
sions, terminating  either  in  tufts  of  free  spores,  borne  singly  or  in  chains 
(fig.  468,  B,  C)  at  the  ends  of  the  branches  of  the  filaments  (Trichosporese 
and  Avthrosporefe),  or  in  little  sacs  (fig.  468,  D)  filled  with  minute  spores, 
which  escape  by  the  bursting  of  the  theca  (Cystosporea?).  The  fructifica- 
tion of  these  plants  appears  to  the  naked  eye,  when  in  masses,  like  patches 
of  delicate  powder  of  various  colours,  grey,  black,  yellow,  &c. 

Many  Fungi,  growing  in  the  substance  of  living  or  decaying  leaves,  bark, 
&c,  form  a  fleshy  or  horny  mass  {receptacle  or  stroma)  at  some  points  on 
the  surface  of  the  mycelium ;  and  in  these  are  produced  conce.ptacular 
chambers  (perithecia),  like  those  of  the  closed-fruited  Lichens,  the  walls 
of  which  are  clothed  either  with  filaments  bearing  free  jointed  spores 
(stylospores) ,  or  with  tubular  sacs  (tbecce  ovasci)  containing  spores  in  their 
interior,  generally  eight  or  some  multiple  of  eight  in  number,  and  formed 
either  by  "  free-cell  formation,"  as  will  be  explained  hereafter,  or  by  sub- 
division of  the  parent  cell  (Pyrenomycetous  Fungi).  Other  Fungi,  again, 
have  similar  asci  or  stylospores  on  the  outside  of  a  cup-shaped  or  cushion- 
shaped  special  receptacle  (like  an  apothecium  of  a  Lichen),  scattered  over 
a  more  or  less  distinct  stroma  or  common 
Fungi). 

In  the  larger  Fungi  the  fruit 
acquires  more  complex  deve- 
lopment. In  the  Agarics,  the 
Mushroom  is  the  large  fleshy 
fruit  arising  from  the  flocculent 
mycelium,  or  "spawn"  (fig. 
469).  The  spores  are  produced 
here  on  little  stalks  (sterigma- 
ta)  springing  from  the  top  of 
ovoid  cells  called  basidia,  which 
in  their  turn  proceed  from  the 
hymenium,  from  which  hang 
down  the  "gills"  or  vertical 
plates  under  the  spreading  cap 
(fig.  469,  B).  Many  thousands 
of  such  spores  are  found  on  the 
{rills  of  a  single  Mushroom. 
The  gills  are  replaced  by  tubu- 
lar or  stalk-like  processes,  or 
convoluted  laminaj,  in  allied  genera.  Fungi  having  this  structure  are 
called .  Basidiosporous,  and  are  divided  into  two  groups,  Ectobasidiero  and 
Jindobasidiene,  accordingly  as  the  basidia  are  superficial,  as  in  Aqarkus,  or 
enclosed  within  a  conceptacle,  as  in  the  Puff-balls  (Lycoperdon)  and  their 
allies.  1  he  fruit  here  assumes  the  shape  of  a  leather  ball,  which  at  fir«t 
appears  solid,  being  filled  internally  by  a  convoluted  laminar  structure 
analogous  to  that  under  the  pileus  of  the  Agarics,  but  closely  compacted 


receptacle  (Discomycetous 
Fig.  469. 


The  Mushroom  (Agaricus  campeslris) : — A.  Fruit, 
shovving  the  expansion  from  the  volva,  and  the  veil 
tearing  away  and  leaving  the  annulus.  B.  Section 
of  "gills,"  magnified  50  diameters.  C.  Basidia  and 
spores  from  ditto,  magnified  100  diameters. 
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and  shut  up  in  a  sac  (peridium)  analogous  to  that  enclosing  the  youno- 
Mushroom.  The  laminns  produce  basidiospores  ;  and  these  decay  away  so 
as  to  leave  the  spores  free  as  a  pulverulent  mass  in  the  interior  of  the 
ball,  which  then  appears  like  a  leathern  sac,  and,  bursting,  discharges  the 
spores  in  the  form  of  a  cloud  of  dust — whence  the  name  of  the  plants. 

The  family  of  which  the  Truffle  is  an  example  bear  fruit  beneath  the 
surface  of  the  soil  in  which  they  grow ;  and  although  they  bear  some  re- 
semblance to  the  Puff-balls,  their  structure  differs  in  essential  respects. 
They  also  are  globular  or  irregular  balls,  the  interior  composed  in  like 
manner  of  convoluted  lamina?,  which  gives  a  marbled  appearance  when 
they  are  cut  across ;  but  they  do  not  produce  basidiospores ;  from  their 
sporigerous  laminre  arise  asci  or  spore-sacs,  producing  spores  in  their  in- 
terior ;  and  the  ultimate  fate  of  these  is  not  to  become  free,  dust-like 
particles,  but  to  be  set  free  by  the  rotting  away  of  the  whole  parent  mass. 
There  is  no  peridium  in  this  case. 

The  "  spores  "  produced  in  the  manner  above  indicated  are  probably 
more  nearly  analogous  to  buds  than  to  reproductive  organs  formed  from 
sexual  agency.  Accordingly  as  these  spores  are  formed  within  a  mother 
cell  or  on  the  exterior,  we  have  the  terms  endospores,  as  in  the  Aseomycetes 
or  Pyrenomycetes,  or  exospores,  as  in  the  Basidiosporese.  Berkeley  dis- 
tinguishes the  endospores  as  sporidia,  retaining  the  word  spore  for  the  exo- 
spores. The  endospores  or  sporidia  are  formed  in  one  of  two  ways — either 
by  division  of  the  parent  cell,  or  by  the  formation  of  new  daughter  cells 
within  the  mother  cell  (free-cell  formation),  as  will  be  more  fully  explained 
hereafter. 

Recent  researches  make  it  probable  that  various  forms  of  so-called  spores 
observed  in  Fungi  have  differeut  physiological  importance.  Some  of  them, 
called  conidia  (fig.  468,  A),  appear  to  be  organs  of  vegetative  propagation, 
like  the  gonidia  of  Lichens  (p.  441)  and  the  zoospores  of  Alga?  (§  548). 
They  exist  in  the  form  of  simple,  globular  or  ovoid  cells,  isolated  or 
ao-o-reo-ated  in  masses.  Pycnidia  are  small  cavities  or  conceptacles  con- 
taining threads,  bearing  ovoid  or  spheroidal  cells_  called  stylospores.  In 
some  Fun<ri,  moreover,  as  Peronospora,  zoospores  like  those  of  Alga?  have 
been  discovered,  contained  originally  in  a  zoosporange,  from  which  they 
escape  and  move  from  place  to  place  by  means  of  cilia. 

Other  of  the  structures  met  with  among  Fungi  appear  to  represent 
distinct  sexes;  thus,  in  addition  to  the  spores,  usually  so  called,  and  the 
"  sporidia,"  the  following  have  also  been  observed  in  various  Fungi  :— 
Antheridia,  or  cystidia,  of  originally  thread-like  form,  but  afterwards 
dilated  at  the  summit,  and  detached  from  the  mycelium ;  the  function  of 
these  bodies  has  not  been  definitely  ascertained.  Spermatid,  consisting  of 
simple,  ovoid,  straight,  or  curved  cells,  contained  within  a  conceptacle  or 
spermoo-one,  and  thus  presumed  to  have  close  relationship  to,  if  not 
i  lentitv  with,  the  stvlospores  above  described.  Zyyospores,  rounded  or 
oval  cells,  situated  at  the  extremity  of  a  filamentous  receptacle  or  deve- 
loped on  the  sides  of  two  subdivisions  of  the  same  branch,  which  approxi- 
mate and  join  one  another  to  form  a  single  cavity,  or  zyyosporanye,  con- 
taining a  sino-le  spore.  This  process,  analogous  to  that  called  conjugation 
amon<?  Algea,  has  only  been  observed  in  Syzyyi/es  and  one  or  two  other 
genera.  Something  of  a  similar  character  has  been  observed  by  Tulasne 
in  Peziza  conjluem.    Ooqonia  are  globular  bodies,  tilled  with  granular 
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matter,  which  ultimately,  after  contact  with  the  antheridium,  formed  on 
another  branch  of  the  same  mycelium,  aggregate  into  small  globular 
masses,  or  oospores.  These  structures  are  found  in  Saprolegma,  a  plant 
included  by  some  under  Algse,  but  placed  by  J)e  Bary  in  Fungi,  and 
wherein  small  tubes  like  pollen-tubes  may  be  seen  passing  from  the 
antheridium  into  the  interior  of  the  oogone,  and  determining  the  formation 
of  the  oospore. 

As  many  of  the  bodies  which  have  thus  received  a  distinct  appellation 
are,  in  all  probability,  merely  slight  modifications  of  one  and  the  same 
organ,  it  is  very  embarrassing  for  the  student  that  they  should  have 
received  different  names.  Doubtless,  as  the  functions  of  these  bodies 
become  more  clearlv  ascertained,  Cryptogamic  botanists  will  be  content 
to  follow  the  example  of  those  who  study  the  higher  plants,  and  call  all 
organs  exercising  the  same  functions  by  the  same  general  name,  qualify- 
ing it  as  may  be  necessary.  The  complexity  is  increased  by  the  fact  that 
one  and  the  same  species  may  develope  at  one  time,  or  at  different  times, 
the  various  reproductive  bodies  above  described.  Hence  numerous  spe- 
cies and  genera  have  been  described  as  distinct,  having  been  founded  on 
the  presence  of  organs  now  known  to  belong  to  the  same  plant  in  different 
phases  of  its  existence. 

Fungi  live,  for  the  most  part,  on  dead  or  decomposing  organic  matter, 
or  on  living  tissues.  Hence  M.  de  Bary  divides  Fungi  into  two  Classes,  the 
Saprophytes  and  the  Parasites ;  and  these  latter  are  epiphytes  or  ento- 
phytes,  accordingly  as  they  attach  themselves  to  the  surface  or  develope 
themselves  in  the  interior  of  the  tissues.  The  spore  of  the  parasite 
germinates  externally,  and  thrusts  the  delicate  filaments,  formed  as  a 
result  of  its  germination,  through  the  epidermis,  either  through  the 
stomata,  or  directly  through  the  epidermis,  as  in  the  mould  producing 
the  Potato-disease.  Each  species  of  entophyte  is  peculiar  to  a  particular 
plant,  and  penetrates  it  at  a  definite  moment,  and  by  an  organ  specially 
provided  for  the  purpose.  Thus  De  Bary  asserts  that  the  "white  rust" 
so  common  in  Crucifers  is  only  introduced  through  the  cotyledons  at  the 
time  of  germination.  Epiphytical  Fungi  spread  over  the  surface  of  the 
plant  on  which  they  grow,  and  abstract  the  juices  therefrom  by  means  of 
very  small  dilatations  of  the  filaments  acting  as  suckers.  Other  para- 
sitical fungi  affect  animals,  sometimes  as  a  result  or  consequence  of  ill- 
health,  while  at  other  times  the  fungous  growth  itself  causes  the  disease, 
as  in  the  "fungous  foot"  of  India,  the  silkworm-disease,  &c. 

554.  The  classification  of  the  Fungi  is  a  subject  of  great  com- 
plexity, and,  from  the  multitude  of  forms,  and  the  variety  of  con- 
ditions exhibited  under  each  type,  it  is  extremely  difficult  to  establish 
really  natural  groups  with  definite  characters.  Many  systems  exist, 
almost  every  writer  who  devotes  especial  attention  to  these  plants 
modifying  in  some  way  the  systems  of  his  predecessors  or  contem- 
poraries. It  seems  evident  that  wc  cannot  rely  on  the  condition  of  the 
spores  alone  for  the  discrimination  of  large  groups,  and  it  is  scarcely 
possible  to  classify  by  the  polymorphous  fruits;  but  the  conditions 
of  the  fruits  seem  to  us  the  natural  basis  for  the  classification  here, 
where  the  thallus  takes  the  same  simple  form  of  a  cottony  mycelium 


448 


SYSTEMATIC  BOTANY. 


throughout  the  entire  class.  In  De  Bary's  classification,  which  is 
the  most  recent,  the  Fungi  are  divided  into  four  main  subdivisions 
and  thirteen  secondary  ones  as  follows: — 1.  Phycomycetes,  including 
the  Saprolegnieaz,  Peranosporece,  and  Mucorineo?. ;  2.  Hypodermea;, 
including  the  Uredinece  and  Ustiluginece ;  3.  Basidiomycetes,  com- 
prising the  Tremellineai,  Hymenomycetes,  and  Gastromyceies  ;  4.  Asco- 
mycetes,  under  which  head  are  included  the  Protomycetes,  Tuberaceoe, 
Onygenece,  Pyrenomycetes,  and  Discomycetes. 

In  the  former  edition  of  this  work  Professor  Henfrey  proposed 
an  arrangement  of  a  simple  nature,  and  which  is  as  natural,  or 
more  so  than  other  arrangement  proposed  before  or  since,  for 
which  reason  it  is  retained.  In  it  the  Fungi  were  distributed  into  : — 
1.  Botrytacece,  the  Order  with  fertile  cellular  filaments  (flocci)  arising 
directly  from  a  flocculent  mycelium  (p.  445)  ;  2.  Sphazriaceoz,  the 
Order  with  a  stroma  or  common  receptacle  on  the  mycelium,  hearing 
perithecia  or  apothecia,  like  the  Lichens  (p.  445) ;  3.  Exidiacece, 
those  with  a  highly  developed  common  receptacle  arising  from  the 
mycelium,  and  growing  by  peripherical  development,  bearing  basidio- 
spores  or  ascospores  over  more  or  less  extensive  tracts  of  the  surface. 
In  Tuberece  (Truffles)  this  receptacle  is  developed  into  a  tubercular 
mass,  formed  of  a  convoluted  structure  with  the  sporiferous  layer 
turned  inside.  4.  Agaricacece,  in  which  a  more  or  less  complex 
common  receptacle  is  originally  developed  in  a  large  sac-like  case  or 
peridium,  and  either  bursts  out  in  a  perfect  form  when  ripe  (Agaricus 
and  Phallus),  or  decays  and  frees  its  spores  within  the  peridium 
(Lycoperdon  <fcc). 


Order  CLXXX.  AGARICACE.E. 

{Including  most  of  the  Hymenomycetes  and  Gasteromycetes  of  Fries,  and 
the  Basidiosporece  of  Leveill6.) 

555.  Diagnosis.— (Fig.  469,  p.  445.)  Fungi  vegetating  by  a  floccu- 
lent thallus,  from  which  arise  more  or  less  fleshy  fruits  which  possess 
an  outer,  single,  or  double  coat  (peridium) ,  rarely  remaining  adherent 
to  the  indehiscent  fruit,  usually  bursting  at  maturity.  Peridium 
enclosing  the  fructifying  tissue  (gleba),  which  forms  a  common  re- 
ceptacle, subdivided  into  numerous  lamina?  (fig.  469,  F>)  or  convolu- 
tions, or  excavated  into  chambers,  on  the  walls  of  all  of  which  the 
spores  are  developed,  either  on  basidia  (C)  or  in  asci.  The  receptacle 
either  bursts  forth  out  of  the  peridium  when  mature,  and  by  ex- 
pansion exposes  its  sporiferous  lamina?,  or  it  deliquesces  and  is  totally 
absorbed  before  the  bursting  of  the  peridium,  leaving  this  filled  with 
free  spores ;  or  it  gradually  decays  with  the  adherent  indehiscent 
peridium. 
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Tribe  1.  Agaricie;e. 
Agaricus,  L. 
Boletus,  Dill. 

Tribe  2.  Phalle^e. 
Phallus,  L. 
Clathrus,  Mich. 

Tribe  3.  Podaxinieje. 
Secotium,  Kze. 

Tribe  4.  Nidularieje 
■   Cyathus,  Hall. 


Illustrative  Genera. 

Tribe  5.  Trichogastre^e. 
Lycoperdon,  Tournef. 
Bovista,  Bill. 

Tribe  6.  Myxogastre^:. 
Trichia,  Hall. 
Stemonitis,  Gled. 

Tribe  7.  Hymenangle^:. 
Hymenangium,  Klotsch. 

Tribe  9.  Onygeneje. 
Onygena,  P. 


Affinities. — The  question  of  the  relations  of  the  tribes  of  this  Order  and 
of  this  to  the  other  Orders  of  Fungi  cannot  be  deeply  entered  into 
here  ;  but  the  principal  forms  may  he  briefly  noticed  in  a  general  manner. 
These,  like  all  other  Fungi,  grow  from  a  flocculent  mycelium,  commonly 
known  as  "  spawn."  In  Agaricus,  the  fruit  appears  at  first  as  a  roundish 
body,  the  volva  or  peridium,  which  bursts  and  gives  exit  to  the  "  button," 
consisting  of  the  stalk  supporting  the  still  closed  pileus,  its  vertical 
sporiferous  plates  covered  by  the  inner  peridium,  which  splits  away  as  the 
pileus  expands,  leaving  a  portion  on  the  stalk  in  the  form  of  the  annulus. 
In  Boletus  the  peridium  is  very  fugacious.  In  Phallus  the  volva  is  more 
strikingly  developed,  and,  when  it  bursts,  the  common  receptacle  expands 
into  a  column  with  the  fertile  surface  at  its  head — in  Clathrus  into  a 
wonderful  coral-like  network  of  fleshy  substance  with  the  spores  adhering 
to  the  bars.  Podaxiniece  are  a  kind  of  Puff-ball  in  which  there  is  a  more 
or  less  distinct  central  column,  comparable  to  the  stalk  of  the  pileus  of  an 
Agaric  before  this  bursts  out  from  its  "button"  condition.  In  Nididariece 
the  peridium  opens  into  a  cup  and  exposes  a  number  of  little  bodies  formed 
by  the  breaking-up  of  the  receptacular  mass  (gleba)  into  separate  recep- 
tacles. Trichogastrece  are  Puff-balls  in  which  the  entire  sporiferous  tissue 
in  the  peridium  decays,  leaving  only  the  spores  (or  filamentous  fragments), 
before  the  peridium  bursts.  Myxogastrece  are  little  plants  which  repre- 
sent on  a  small  scale  the  conditions  of  Clathrus,  Ijycoperdon,  &c.  Hy- 
menangiece  approach  the  Tubercce  in  the  next  Order ;  they  are  Truffles,  or 
underground-fruiting  Fungi,  whose  fruits  may  be  compared  to  Lycoper- 
don, but  remain  solid  and  set  free  their  spores  by  decay.  Tuberece  difFer 
from  all  the  plants  of  this  Order  both  by  the  absence  of  a  peridium  and  by 
forming  the  spores  in  sacs  or  asci.  All  the  Agariciece  form  their  spores  on 
basidia,  grouped  in  fours. 

Distribution. — Abundant  in  all  parts  of  the  globe  upon  or  in  soil  con- 
taining decaying  vegetable  or  animal  matter,  also  upon  decaying  wood, 
trunks  of  trees,  &c. 

Qualities  and  Uses. — The  fleshy  fruits  are  formed  of  a  tissue  which 
is  very  nutritious ;  and  in  the  absence  of  noxious  secretions  they  are  veiy 
excellent  articles  of  food.  In  this  country  they  are  rather  used  as  luxuries 
than  necessities ;  but  in  Italy  they  are  largely  consumed  as  solid  food ;  and 
in  Australia,  Tasmania,  Tierra  del  Fuego,  and  other  parts  of  the  globe 
where  cultivation  of  the  soil  is  not  practised  by  the  natives,  they  form  an 
important  item  in  the  means  of  supporting  life.    The  best-known  whole- 
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some  kind  is  Agaricua  campestrie,  the  common  Mushroom ;  hut  many 
other  species  of  Agaric  are  also  fit  for  food,  as  A.  deliciosus,  A.  procerus, 
A.  Georgii,  &c,  as  also  Boletus  edulis ;  while  a  number  of  species  of  Aga- 
ricus  (mostly  such  as  are  brightly  coloured)  are  noxious  or  suspicious,  as 
A.  piperatus,  A.  rachodes,  &c.  The  kinds  of  Agaricus  and  allied  genera  not 
eaten  are  commonly  known  by  the  general  name  of  "  Toadstools."  Their 
peculiar  mode  of  growth  in  pastures,  producing,  by  their  remains  acting 
as  a  manure,  annular  marks  of  luxuriant  growth  of  grass,  called  "  Fairy- 
rings/'  results  from  the  radiating  growth  of  the  subterranean  mycelium 
or  spawn.  Phallus  and  Clathms  are  genera  of  very  curious  structure, 
remarkable  also  for  the  excessively  offensive  smell  diffused  when  the 
peridium  bursts,  and  the  receptacle  expands.  Agaricua  (Amanita)  mus- 
carines is  a  poisonous  species  which  possesses  narcotic  and  intoxicating 
properties ;  the  Puff-balls  (Lycopcrdon  &c.)  appear  to  possess  a  principle 
of  this  sort  in  a  volatile  condition,  as  the  fumes  from  their  combustion 
have  a  stupefying  effect.  Lycoperdon  giganteum,  however,  when  young, 
and  snowy  white  in  colour,  is  one  of  the  best  of  the  edible  Fungi. 


Order  CLXXXI.  EXIDIACE^. 

( Including  part  of  Hymenomycetes,  of  Discomycetes,  and  of  Gymnomycetes, 
Fries,  and  of  Basidiosporece  and  Thecasjiorece  o/Leveille.) 

556.  Diagnosis. — Fungi  vegetating  by  a  floccnlent  thallus,  pro- 
ducing on  any  part  of  the  surface  more  or  less  fleshy  common  re- 
ceptacles, devoid  of  peridium,  sometimes  perennial  and  increasing 
continually  in  diameter,  bearing  on  their  surface  crowded  basidio- 
spores  or  simple  stylospores,  or  asci  containing  free  spores  ultimately 
discharged  with  elasticity. 


Tribe  1.  Polypore^e. 
Merulius,  Hall. 
Polyporus,  Mich. 

Tribe  2.  Hydne-ZE. 
Hydnum,  L. 

Tribe  3.  AxTRicuLARiEiE. 
Oyphella,  Fr. 

Tribe  4.  TuBEREiE. 
Tuber,  Mich. 


Illustrative  Genera. 

Tribe  5.  HelvellejE. 
Helvella,  L. 
Morchella,  Dill. 
Tribe  6.  Trejielle^:. 
Tremella,  Dill. 
Exidia,  Fr. 
Tribe  7.  Clavarie-E. 

Clavaria,  L. 
Tribe  8.  Isarie.e. 
Isaria,  Hill. 


Affinities  The  relations  of  this  group  are,  in  the  first  place,  with  the 

Aqariciece,  the  Poh,porecc  being  as  it  were  receptacles i  of  Agarwus  or  Bo- 
letus without  a  peridium ;  they  are  remarkable  for  the  fruit-organ  being 
of  perennial  duration,  increasing  by  gradual  development  at  the  margins. 
ThijETydnecB.Auriculai'iea,  TremeUe*,m&  <  hrurmeayo  all  related  m  th. 
same  direction,  the  naked  common  receptacle  exhibiting  varying  mete- 
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niorphoses  characterizing'  the  particular  groups.  Helvetica  are  especially 
distinguished  by  the  different  mode  in  which  the  spores  are  developed, 
heing  ascosporous,  in  which  they  agree  with  Tubereee,  which  may  be  re- 
garded as  Polyporeee  or  Tremellece  with  the  fertile  layer  of  the  receptacle 
turned-in  to  line  a  complicated  series  of  connected  chambers  formed  by 
convolutions  of  the  mass.  Imriece  are  probably  rightly  placed  here, 
forming  a  link  between  this  group  and  the  filamentous  Fungi. 

Distribution. — Universal,  on  decaying  vegetable  matter,  producing  decay 
in  damp  situations. 

Qualities  and  Uses. — Little  value  can  be  attributed  to  this  Order  on 
account  of  useful  qualities  ;  some  of  them,  however,  are  eaten,  especially 
the  Truffles  and  Morels.  Morchella  esculenta,  the  Morel,  is  imported  from 
Italy  as  an  article  of  luxury.  Tuber  is  the  genus  furnishing  Truffles,  which 
are  highly  esteemed  for  their  peculiar  penetrating  flavour.  Tuber  eestimm 
is  a  British  species,  but  it  does  not  attain  a  large  size  with  us.  T.  mela- 
nosporum,  magnatum,  moschatum,  &c.  are  also  used ;  most  of  those  im- 
ported from  France  belong  to  the  first  of  these  species.  The  Polyporeee 
have  a  great  celebrity  on  account  of  the  terribly  destructive  powers  of 
the  mycelium  of  various  species,  producing  what  is  commonly  called 
"  dry-rot  "  in  timber.  The  filamentous  threads  of  the  mycelium,  corre- 
sponding to  the  cottony  "  spawn  "  of  the  Mushroom,  insinuate  themselves 
into  the  interstices  of  the  fibres  of  wood,  and  exercising  a  solvent  action 
on  the  substance,  break  down  and  assimilate  the  tissue  until  the  solid 
mass  is  entirely  destroyed.  Like  other  Fungi,  these  grow  most  rapidly  in 
damp  and  confined  air;  so  that  the  "dry-rot"  is  really  a  damp-rot,  resulting 
from  the  timber  being  too  closely  shut  up  from  the  atmosphere, which  would 
keep  it  in  a  dry  state  and  not  allow  the  growth  of  the  Fungus.  We  see  an 
illustration  of  this  in  the  decay  of  posts,  beams,  &c.  where  they  enter 
damp  earth,  at  joints  where  damp  lodges,  or  when  they  are  covered  up, 
while  green  and  wet,  with  paint  or  other  impervious  materials,  while  un- 
painted  timber  exposed  freely  to  dry  air  does  not  suffer.  The  common 
dry-rot  is  produced  by  Mertdius  vastator,  M.  lacrymans,  and  Polyporus 
destructor ;  they  frequently  extend  widely  in  the  form  of  invisible  myce- 
lium without  fruiting  when  they  attack  timber  constructions  ;  their  fruits, 
often  of  very  large  size,  are  developed  sometimes  very  rapidly,  from  parts 
of  the  mycelium  which  come  to  the  surface  of  the  wood ;  such  fruits  of 
Polypori  and  Thelephoree  are  very  common  on  rotten  posts  and  trunks  of 
trees.  The  fruit  of  Polyporus  squamosus  has  been  found  more  than  7  feet 
in  circumference,  and  weighing  34  lbs.,  the  whole  the  growth  of  a  few 
weeks.  The  solid  leathery  substance  of  this  fruit  is  cut  into  slices  and 
dried  and  used  for  making  razor-strops ;  that  of  P.  fomentarius  is  made 
into  "  Amadou  "  or  German  tinder,  by  beating  it  into  a  kind  of  paste, 
soaking  it  in  nitre,  and  drying  it. 
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Order  CLXXXII.  SPHiERIACEiE. 

{Including  part  of  Discomycetes  and  Pyrenomycetes  of  Fries,  and  of  the 
Thecasporece  and  Clinosporece  of  LeveilliS.) 

557.  Diagnosis.— Fungi  vegetating  by  a  flocculent  mycelium  (often 
parasitic  on  plants  or  even  animals),  producing  a  naked  common 
receptacle  of  more  or  less  horny  texture,  which  bears,  either  in 
definitely  formed  groups  on  its  outer  surface  {receptacles)  or  on 
the  walls  of  chambers  excavated  beneath  the  surface  and  ultimately 
open  externally  {conceptacles),  spore-sacs  containing  free  spores 
(asci),  or  (by  adherence  of  the  spores  to  the  wall  of  the  parent 
cell)  rows  of  separable  sporidia. 


Illustrative  Genera. 


Tribe  1.  SpH^nxEiE. 
Sphseria,  L. 
Hypoxylon,  Bull. 
Cordiceps,  Tul. 

Tribe  2.  Phacidie^:. 
Tympanis,  Tod. 
Cenangium,  Fr. 


Tribe  3.  TJeedine^e. 
Puccinia,  Pers. 
.^Ecidium,  Gmel. 

Tribe  4.  Perispore^:. 
Erysiplie,  Hedw.Jil. 


Affinities. — The  relations  of  Sphceriece  and  Phacidiece  with  Lichens  are 
so  close  that  it  is  difficult  to  point  out  any  good  distinctive  character, 
beyond  the  absence  of  chlorophyll  in  the  thallus  of  this  Order.  They 
possess  similar  reproductive  organs,  the  spores  being  formed  in  receptacles 
and  conceptacles  corresponding  respectively  to  the  apothecia  and  perithecia 
of  Lichens,  containing  either  spores  in  asci  or  stylospores  (metamorphoses 
of  the  same  structure)  which  both  occur  also  in  Lichens ;  and  sper- 
mogonia  with  spermatia  are  formed  exactly  in  the  same  way  as  in  that 
Order.  In  Sphceriece  the  receptacle  is  well  developed,  less  so  in  Phaci- 
dieee and  merely  forming  a  more  or  less  distinct  perithecium  to  the  con- 
ceptacles in  Uredinece  and  Perisporece. 

Distribution. — Universal ;  but  mostly  parasitic  or  upon  dead  organic 
structures. 

Qualities  and  Uses. — The  "  uses "  of  these  plants  are  not  such  as  we 
are  accustomed  to  comprehend  under  that  name,  since  they  refer  to  the 
general  scheme  of  creation  and  not  to  human  requirements  ;  some  of 
them  are,  indeed,  among  the  pests  of  cultivation,  in  particular  instances 
capable  of  doing  enormous  mischief.  Sphcenece  attack  living  and  dead 
organic  bodies ;  Cordiceps  purpurea,  which  attacks  the  young  pistils  of 
Rye  and  other  Grasses,  developes  its  mycelium  within  the  ovary  into 
a  solid  mass,  which  forms  the  "  Ergot,"  so  well  known  for  its  poison- 
ous properties;  the  receptacle  grows  up  subsequently  from  this,  after  it 
has  fallen  from  the  ear  of  the  Rye.  Cordiceps  Pobertsii,  entomorrhiza,  and 
other  species  attack  the  bodies  of  living  caterpillars,  and  gradually  destroy 
all  the  internal  parts,  and  fill  the  skin  with  a  solid  mass  of  mycelium, 
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which  after  a  time  sends  up  a  filiform  or  clavate  receptacle  bearing  the 
conceptacles,  as  in  the  Ergot  Fungus.  Sphceria  includes  numerous 
species,  with  less-developed  receptacles,  growing  upon  leaves,  wood,  bark, 
&c.  of  trees.  Hypoxyla  grow  upon  decaying  wood,  probably  exerting  a 
destructive  action ;  when  they  are  placed  in  situations  unfavourable  to 
the  production  of  fruit,  they  often  form  large  amorphous  masses  of  hard 
fungoid  substance,  sometimes  described  as  distinct  kinds  of  Fungus  under 
the°  name  of  Sclerotium,  Rhizomorpha,  &c.  The  Phacidiece  grow  on 
vegetable  bodies,  chieflv  those  decaying  after  the  completion  of  then- 
vital  function,  as  on  fallen  leaves,  bark,  &c.  The  Uredinece  attack  the 
leaves  and  herbaceous  organs  of  living  plants,  their  mycelliuni  ramifying 
in  the  tissues  beneath  the  epidermis,  and  pushing  out  perithecia  (or  con- 
ceptacles)  through  the  latter  at  various  points  ;  they  constitute  some  of  the 
most  noxious  vegetable  pests  of  agriculture  and  horticulture,  Puccinia 
graminis  forming  the  "  Mildew  "  of  Wheat,  the  stylosporous  forms  of  the 
genera  of  this  same  tribe  (known  as  species  of  Uredo)  constituting  the 
"blights,"  "rusts,"  &c.  of  corn  and  other  cultivated  plants,  Coleosporiwn, 
the  "white  rust "  of  Cabbages,  &c.  &c.  Among  the  Perispm-ea,  Erysiphe 
includes  a  number  of  epiphyllous  Fungi,  the  mycelium  of  which  spreads 
over  the  surface  of  living  leaves,  forming  a  cottony  web  obstructing 
growth  and  respiration,  reproducing  itself  on  an  enormous  scale  hjconidia 
or  detached  terminal  cells  of  branches  (Oidkmi),  as  well  as  by  spores 
formed  in  conceptacles.  The  Vine-mildew  has  been  referred  to  this 
tribe  under  the  name  of  Oidium  Tucheri;  it  appears  rarely  to  produce 
perfect  fruit. 


Order  CLXXXIII.  BOTRYTACEiE. 

{Including  Haplomycetes  of  Fries  (=  Uyphomycetes  and  Physomycetes), 
Cystoporece,  Trichosporece,  and  Arthrosporccc  of  Leveille.) 

558.  Diar/nosis. — (Fig.  468,  p.  444.)  Microscopic  fungi  vegetating 
by  a  flocculent  thallus,  often  parasitic,  of  which  the  filaments  rise  up 
directly  into  simple  or  ramified  pedicels,  bearing  at  the  extremity 
(or  the  ends  of  their  branches)  a  free  spore,  a  chain  of  spores 
(fig.  468,  b,  c),  or  an  expanded  cell  filled  with  free  spores  discharged 
by  dehiscence  (fig.  468,  d). 


Illustrative  Genera 
Tribe  1.  Antennarie-s:. 
Antennaria,  Corda. 

Tribe  2.  Dematik^j. 

Cladosporium,  Lis. 
Dematium,  P. 


Tribe  3.  Mucedineje. 
Penicillium,  Lk. 
Aspergillus,  Mich. 
Botrytis,  Mich. 
Tribe  4.  Mucore^. 
Mucor,  Mich. 


Affinities.— The  filamentous  Fungi  or  «  Moulds  "  are  connected  with  the 
Orders  with  a  naked  receptacle  by  the  relation  of  Dematiece  to  Isariece, 
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while  the  Antcnnariea  are  probably  allied  to  the  conceptacular  Fun<n 
through  Perisporecc.  In  Antrmiariecc  the  flocculent  mycelium  is  highly 
developed,  and  the  spore-fruit  is  produced  at  once  from  it,  the  parent- 
cell  of  the  spores  being'  surrounded  by  a  kind  of  false  perithe<  ium  growing 
up  over  it  in  the  form  of  cellular  filaments.  In  Dematiece  the  mycelium 
is  little  developed,  and  the  pedicels  bearing  the  spores  are  rigid  and  dark- 
coloured  :  they  are  not  clearly  understood  at  present.  In  Mucedinece  a 
flocculent  mycelium  sends  up  solitary  simple  or  branched  filardente  with 
the  free  points  tipped  with  a  single  spore  or  chains  of  spores  falling  off 
when  ripe ;  the  mycelium  is  also  freely  increased  by  conidia,  consisting  of 
globular  or  oval  joints  of  the  mycelium-filaments,  falling  apart  instead  of 
growing  out  into  flocks.  In  Mucor  the  fertile  pedicels  are  tipped  with  a 
globular  cell  enclosing  a  number  of  minute  free  spores.  In  Syzygites  there 
has  been  observed  a  process  of  "  conjugation  "  like  that  of  some  Alga?. 

Distribution. — Universal,  forming  moulds,  mildews,  &c. ;  occurring 
constantly  in  infusions  of  organic  matter  and  even  chemical  solutions, 
as  "  mother,"  producing  various  fermentations  and  decompositions. 

Qualities  and  Uses.- — Some  of  these  insignificant  plants  are  of  vast 
utility  to  man  through  the  chemical  changes  which  they  produce  in  the 
substances  in  which  they  flourish.  In  their  perfect  forms  they  present 
themselves  as  moulds,  mildews,  &c,  as  in  : — Mucor  Mucedo,  the  common 
mould  of  paste,  &c. ;  PmicilKum  glaucwm,  the  blue,  green,  or  yellow  mould 
which  equally  or  still  more  readily  appears  on  decaying  vegetable  sub- 
stances ;  Aspergillus  glaucm,  the  green  mould  of  cheese  ;  Botrytis  vulgaris, 
a  brown  mould  constantly  attacking  leaves  decaying  in  a  moist  atmo- 
sphere &c.  The  Potato-fungus,  Botrytis  infestans,  is  another  example. 
But  some  of  these  will  grow  extensively  and  increase  by  vegetative 
reproduction  (by  conidia,  or  isolated  cells  thrown  off  by  budding  of  the 
mycelium)  to  an  almost  unlimited  extent  in  suitable  media :  thus  Pent* 
cillium  glaucum  grows  in  saccharine  liquids,  in  the  form  of  flocculent  or 
gelatinous  masses,  constituting  the  curious  object  called  the  A7inegar- 
plant,  the  vegetation  of  which  converts  the  solution  of  sugar  into  vinegar. 
This  grows  at  ordinary  temperatures.  There  is  every  reason  to  believe 
that  the  Yeast-plant,  the  growth  of  which  produces  the  "  fermentation" 
of  beer  and  other  liquids,  and  the  "  working  "  of  bread,  is  a  mycelial  form 
of  Penicillium  glaucum,  wholly  composed  of  conidial  cells  which  never  grow 
out  into  filaments,  but  bud  continually  into  new  conidia  under  the  in- 
fluence of  the  elevated  temperature  which  is  requisite  to  produce  this  fer- 
mentation.   Hallier  considers  it  to  be  the  conidial  state  of  a  Leptothrix. 

(A  detailed  account  of  the  most  important  phenomena  exhibited  in  the 
development  of  Fungi,  Lichens,  and  Alga?  will  be  found  iu  the  "  Miero- 
o-raphic  Dictionary."  In  the  systematic  study  of  these  Classes  and  of  the 
Cryptogamia  generally,  the  student  must  have  recourse  to  Mr.  Berkeley's 
'  Introduction  to  Cryptogamic  Botany.') 
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ARTIFICIAL  ANALYSIS  OF  THE  CLASSES  AND 
PRINCIPAL  OEDEES*. 

Series  I.  PHANEROGAMIA— FLOWERING  PLANTS. 

Div.  I.  Flowers  with  pistils  containing'  the 

ovules  in  closed  ovaries   Angiospermia. 

Div.  IT.  Flowers  imperfect  and  incomplete,  con- 
sisting of  scales,  the  female  with  naked 
ovides,  on  the  margins  or  upper  face  of 
the  scales,  or  isolated   Gyhnosperhia. 

Div.  I.  Angiospermia. 

Class  1.  Cross  section  of  the  stem  exhibiting 
one  or  more  complete  rings  of  wood  divi- 
ding a  central  pith  from  a  separable  rind 
or  bark;  leaves  mostly  with  arborescently 
branched  reticulated  ribs ;  calyx  and  corolla 
mostly  5-  or  4-nierous ;  embryo  with  two 

opposite  cotyledons   Dicottledones. 

,  Class  2.  Cross  section  of  the  stem  exhibiting 
the  wood  in  isolated  fibres,  without  distinct 
pith  or  bark;  leaves  mostly  with  parallel  ribs, 
or,  if  reticulated,  with  the  secondary  ribs 
suddenly  smaller ;  calyx  and  corolla  3-me- 
rous  (perianths  apparently  6-merous)  ;  em- 
bryo with  one  cotyledon,  or  a  rudiment  of 

a  second  alternate    Monocotyledones. 

Class.  1.  Dicottledones. 

Subclass  1.  Petals  distinct,  free,  emerging 
directly  from  the  receptacle;  stamens 

hypogynous   A.  Thalamifiorce  (197). 

Subclass  2.  Petals  distinct  or  coherent,  hy- 
pogynous or  perigynous ;  stamens  perigy- 

nous  or  epigynous    B.  Calycijlorce  (250). 

Subclass  3.  Petals  coherent,  hypogynous  or 
epigynous ;  stamens  epipetalous,  or  more 

rarely  hypogynous    C.  Corolliflorce  (292). 

Subclass  4.  Petals  absent,  or  forming  a  green 
perianth  with  the  sepals ;  sepals  green  or 
coloured,  sometimes  abortive   D.  Incompletes  (336). 

*  The  arrangement  in  tho  following  Table  is  purposely  made  different  in 
some  particulars  from  that  given  in  the  detailed  list  of  Orders,  so  as  to  increase 
the  students  facilities  for  determining  the  Order  to  which  any  particular  nlant 
may  belong.  As  it  is  drawn  up  for  beginners,  il  refers  almost  exclusivelv  to 
Orders  or  representatives  of  Orders  commonly  to  be  mot  with,  either  in  a  wild 
state  or  cultivated  in  gardens  in  this  country. 
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A.  TlIALAMIFLOIt-flJ. 

I.  Placentas  parietal. 

a.  Seeds  exalbuminous. 

*  Flower  regular. 

1.  Stamens  6,  tetradynamous    Cruciferce,  14. 

2.  Stamens  numerous   Capparidacece,  15. 

3.  Stamens  equal  to  the  petals,  or 

double   Tamaricacces,  22. 

**  Flower  irregular    Mescdacece,  16. 

b.  Seeds  albuminous. 

*  Flower  irregular. 

1.  Stamens  5    Viofacecs,  20. 

2.  Stamens  6,  diadelpbous   Fumariaceee,  13. 

**  Flower  regular. 

1.  Sepals  2  .  . .   Papaveracece,  12. 

2.  Sepals  5,  {estivation  imbricated    . .    Droseracea,  19. 

3.  Sepals  5,  aestivation  contorted  ....     Cistacece,  18. 

II.  Placentas  covering  the  dissepiments   Nymjihcsacece,  9. 

HE.  Placentas  axile,  or  on  the  ventral  suture  of 
simple  pistils. 

a.  Seeds  albuminous,  with  a  straight  embryo 
in  the  axis. 

*  Fruit  composed  of  several  separate  carpels. 

1.  Flowers  perfect,   pentamerous  or 

tetramerous    Ranimcidaceee,  1. 

2.  Flowers  perfect,  trimerous ;  trees  or 

shrubs. 

Leaf-buds  enclosed  by  stipules, 

aestivation  imbricated   Magnoliacece,  3. 

Leaves  exstipulate,  aestivation 

valvate   Anonacea,  4. 

3.  Flowers,  through  abortion,  dicli- 

nous   MenispcrmacecE,  5. 

**  Fruit  composed  of  1  carpel,  anthers  de- 
hiscing by  valves    Bcrhcridaceat,  8. 

***  Fruit  two-  or  many-celled,  composed 
of  coherent  carpels. 

1.  Flowers  irregular,  perfect   Pohjtjalacea?,  35. 

2.  Flowers   regular,   diclinous  by 

abortion   Xanthoxylacece,  47 

3.  Flowers  regular,  perfect. 

Stamens  opposite  the  petals  . .  Vitacecv,  50. 

Stamens    alternate,  mouadel- 

phous   O.ralidaceo>,  41. 

Stamens  alternate,  distinct   JRutaccee,  46. 

Stamens  numerous,  free  or  poly- 
adelphous   TiUacea,  27. 
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b.  Seeds  albuminous,  with  the  embryo  curved  1 

round  the  albumen  (in  part  apetalous) . .     CaryophyUacea,  2,6. 

c.  Seeds  exalbuminous. 
*  Flowers  regular. 

1.  Fruit  a  many-celled  capsule. 

Stamens  definite,  distinct    JSlatinacete,  32. 

Stamens  definite,  monadelphous  at 

the  base    Linacece,  40. 

Stamens  numerous,  polyadelphous  .     Ilypericacea,  31. 

Stamens  numerous,  distinct  or  co- 
herent at  the  base    Camelliacece,  29. 

2.  Fruit   of  several   carpels  arranged 

round  a  columella. 

Stamens  numerous,  monadelphous, 
with  1-celled  anthers   Makacece,  24. 

Stamens  definite,  monadelphous ;  an- 
thers 2-celled    Geraniacece,  42. 

3.  Fruit  succulent  (hesperidium)   Aurantiacece,  39. 

4.  Fruit  a  2-lobed  samara   Aceracece,  34. 

**  Flowers  irregular. 

1.  Calyx  not  spurred,  5-merous ;  em- 

bryo curved   Sapindacecp.,  33. 

2.  Calyx  spurred. 

Embryo  curved   *   Balsaminacecs,  43. 

Embryo  straight   Tropceolacece,  44. 

As  a  rule  the  Thalamiflorse  are  polypetalous.  Some  Rutacese  and 
Anonacese  are  monopetalous.  Apetalous  genera  and  species  occur  in 
Ranunculaceas,  Menisperniaceae,  Papaveraceae,  Caryophyllaceee,  Byttne- 
riaceae,  Tiliacese,  Geraniacese,  Rutacese,  Xanthoxylaceae,  &c. 

Some  of  the  foregoing  Thalamifiorous  Orders  include  native  species  in 
which  the  petals  are  abortive,  especially  Ranunculaceas  and  Caryophyl- 
laceas :  this  is  more  frequently  the  case  with  exotic  species  of  these  and 
other  Orders  of  this  Subclass. 


B.  Calyciflor^:. 

I.  Polypetalse. 

%  Placentas  parietal. 
a.  Seed  exalbuminous. 
*  Flowers  perfect   


Cactacea,  75. 
Cacurbitacea,  72. 


**  Flowers  diclinous  . . 
b.  Seeds  albuminous. 
*  Stamens  epigynous. 
Stamens  5,  distinct 


Stamens  5,  monadelphous 


Ribesiacem,  76. 
Passifloracece,  71. 
Mesembryanthacea,  69. 


Stamens  numerous 
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**  Stamens  perigynous. 

Leaves  without  stipules    Portidacacece,  68. 

(Some  Saxifrat/aceee,  05.) 
Leaves  with  stipules   Paronychi'acea,  07. 

1f1T  Placentas  axile,  or  on  the  ventral  suture 
of  the  separate  carpels. 

a.  Seeds  exalbuminous. 

*  Leaves  with  stipules. 

1.  Fruit  free,  a  legume  or  lomen-  / 

turn    Leguminosee,  55.  v 

2.  Fruit  free,  a  drupe   (Amygdalece),  56. 

3.  Fruit  a  succulent  or  dry  etaerio, 

or  a  succulent  or  dry  cynarrho-  / 
dum    Rosacea,  56.  * 

4.  Fruit  a  pome,  with  a  core  or  2-5 

stones,  and  a  superior  calyx  .  .    (Pomea),  56. 

**  Leaves  exstipulate. 

1.  Fruit  with  the  calyx  adherent. 

Stamens  and  petals  numerous  Calycanthacees,  p.  263. 

Stamens  numerous,  petals  5  . .  Myrtacece,  57. 

Stamens  definite   Onagracece,  < 12 . 

2.  Fruit  free,  1-celled,  1 -seeded  . .  Anacardiacecc,  53. 

3.  Fruit  free,  surrounded  by  the 

calyx,  2-  or  many-celled  ....    Lythracece,  04. 

4.  Fruit  of  free,  simple,  many- 

seeded  carpels,  standing  in  a 
circle.  (Some  Crassulacese  are 
monopetalous.)    Crassidaceee,  GO. 

b.  Seeds  albuminous. 

*  Ovary  wholly  or  partly  free. 

1.  Stamens  opposite  the  petals   Rhamnacea,  52. 

2.  Stamens  alternate,  connected  at  the 

base  with  the  petals    (Aquifoliacea),  96. 

3.  Stamens  alternate,  inserted  on  an 

hypogynous  disk   Celastracece,  51. 

4.  Stamens  alternate,  perigynous,  de- 

finite  Saxifragacecc,  65. 

5.  Stamens  alternate,  perigynous,  nu- 

merous   (Phtiadclphca),  65. 

**  Ovary  quite  inferior. 

1.  ^Estivation  of  petals  imbricated  . .    JETaloragacea,  63. 

2.  ^Estivation  of  petals  inrolled,  fruit  •  ' 

a  cremocarp    Umbcllifera,  ,  8. 

8.  ^Estivation  of  petals  valvate,  fruit 

a  berry   Arahacece,  79. 

4.  ^Estivation  of  petals  valvate,  fruit 

a  drupe   Cornacea,  80. 
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II   Monopetake  (ovary  inferior). 
a.  Anthers  distinct,  stamens  adherent  to  the 
corolla. 

*  Leaves  opposite,  with  small  interme- 

diate stipules,  or  whorled  with  equal 

stipules   Rubiacea,  82. 

Leaves  opposite,  without  stipules. 

1.  Stamens  opposite  the  petals    Lorantliacece,  119. 

2.  Stamens  alternate  with  the  petals.  _ 
Ovary  many-celled,  seeds  albumi- 
nous   Caprifoliacece,  81. 

Ovary  1-celled,  seeds  albuminous  . . 

Ovary  1-celled,  seeds  exalbuminous 
«**  Leaves  alternate,  without  stipules.  . . . 
6.  Anthers  distinct,  stamens  hypogynous  . . 
c.  Anthers  coherent  (syngenesious). 

*  Flowers  collected  into  capitula   Composites,  85. 

**  Flowers  solitary,  irregular    Lobeliaceee,  86. 

Some  polypetalous  Calyciflorte  have  the  stamens  inserted  at  the  very 
base  of  the  calyx,  so  as  almost  to  resemble  Thalamiflorse,  as  in  Legumi- 
nosse  and  Portulacaceie.  Apetalous  genera  and  species  occur  here  also, 
among  the  Leguminosse,  Hosacese,  Myrtaceas,  Haloragacese,  Rhamnacese, 
Celastraceas,  Lythraceas,  Portulacacese,  Saxifragaceae,  Loranthaceae,  &c. 


Dipsacees,  84. 
Valerianacees,  83. 
Campanulacees,  87. 
(Vacciniees),  88. 


C.  COROLLIFLOILffi. 

I.  Flowers  regular. 
%  (Stamens  hypogynous,  anthers  dehiscing 

by  pores   Ericaceee,  88. 

Stamens  hypogynous,  anthers  opening  by 

slits)   (Jtutaceee),  46. 

^  Stamens  adherent  to  the  corolla,  anthers 
dehiscing  by  valves. 
a.  Compound  ovary  not  deeply  lobed  exter- 
nally. 

*  Stamens  alternating  with  the  teeth  of 
the  corolla. 
1.  Stamens  mostly  5,  rarely  4  or  6. 
t  Seeds  exalbuminous. 

Embryo  with  plaited  cotyledons  Convolvulacece,  102. 
Embryo  without  distinct  coty- 


ledons   (Cuscutece),  102. 

tt  Seeds  albuminous. 

Leaves  opposite,  without  stipules  Gcntianacecs,  98. 

Leaves  opposite,  with  stipules  .  Loganiacere,  97. 
Leaves  alternate ;   capsule  2- 

celled  (rarely  many-celled) . .  Solanacccs,  103. 

2.  Stamens  4  or  1,  corolla  membra- 

naceous   JPlantaffinacece,  91. 

3.  Stamens  2    Oleacc'ee,  89. 

x2 


4G0  SYSTEMATIC  BOTANY. 


**  Stamens  opposite  the  teeth  of  the 
corolla. 

1.  Ovary  1-celled,  1-ovuled    Plumbaginaccce,  92. 

2.  Ovary  1-celled,  rnany-ovuled,with 

a  free  central  placenta   PrimidacecB,  93. 

b.  Ovary  of  2  more  or  less  united  carpels 

(separating  in  the  ripe  fruit),  with 
stigmas  confluent. 
*  Stigma  discoid,  free ;  stamens  distinct, 
pollen  pulverulent,  aestivation  of  co- 
rolla contorted   Apocynacece,  99. 

**  Stigma  5-angled,  anthers  adherent  to 
the  stigma,  pollen  waxy,  aestivation 
of  corolla  mostly  imbricated   Ascivpiadacece,  100. 

c.  Ovary  deeply  divided  into  4  lobes,  sepa- 

rating in  the  ripe  fruit    Boraginaceee,  104. 

II.  Flowers  irregular ;  perfect  stamens  almost 
always  less  than  5,  often  didynamous. 

IT  Ovary  deeply  divided  into  4  lobes,  sepa-  / 
rating  when  ripe   Labiatce,  105.  " 

Iff  Ovary  not  separating  into  lobes. 

a.  Ovary  2-4-celled ;  seeds  solitary  or  2  in 

each  cell    Verbenacete,  106. 

b.  Ovary  2-celled ;  seeds  winged,  many  in 

each  cell,  exalbuminous   Bignoniacece,  108. 

c.  Ovary  2-celled ;  seeds  wingless,  attached 

to  hard  placental  processes,  exalbumi- 
nous ;  bracts  mostly  large   Acanthacece,  107. 

d.  Ovary  2-celled,  seed  albuminous   Scrophulariacecc,  111. 

e.  Ovary  1-celled,  with  parietal  placentas, 

seeds  albuminous. 

1.  Leafless  parasites    Orobanchacea,  110. 

2.  Leafy  plants;  calyx  half  adherent . .    Gesneraceee,  109. 

f.  Ovary  l-celled,with  free  central  placenta ; 

stamens  2,  anthers  1-celled,  seeds  with- 
out albumen   Lentibulacece,  112. 


Some  Ericaceae,  Primulaceae,  Plumbaginaceae,  &c.  have  polypetalous 
corollas  and  hypogynous  stamens.  Some  Pri'mulaceae  and  Oleaceae  are 
apetalous. 

D.  Monochlamyde.5!. 

A.  With  a  distinct  whorled  perianth. 

I.  Flowers  perfect  (with  stamens  and  pistils). 
H  Ovary  superior. 
<i.  Ovary  1-celled,  1-seeded. 

*  Leaves  stipulate,  ochreate   Pohjgonacea,  113. 
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**  Leaves  exstipulate. 

1.  Anthers  bursting  by  lid-like 

valves    Lauraceee,  117. 

2.  Anthers    bursting  longitudi- 

nally. 

f  Perianth  long,  tubidar. 

X  Perianth  forming  a  hard  enve- 
lope to  the  fruit    Nyctaginacece,  114. 

X%  Perianth  not  hardened. 

Stamens  in  the  points  of  the 

segments  of  the  perianth .    Proteacecs,  123. 
Stamens  in  the  tube  of  the 
perianth    Thymelacece,  121. 

ft  Perianth  short,  segments  sepa- 
rate nearly  to  the  base. 
Stamens  opposite  the  segments. 

Flowers  with  bracts   Amarantacece,  115. 

Flowers  without  bracts    . .     CJienopodiacece,  116. 

b.  Ovary  composed  of  several  carpels, 
separate  or  combined  into  a  2-  or 
many-celled  ovaiy. 

*  Leaves  exstipulate    Phytolaccacece,  p.  339. 

**  Leaves  stipulate   Ulmacece,  127. 

^ffl  Ovary  inferior. 

a.  Ovary  1-celled    Santalacece,  120. 

b.  Ovary  3-6-celled   Aristolochiacece,  137. 

II.  Flowers  diclinous, 
f"  Ovary  superior. 

a.  Ovary  1-celled,  1-seeded. 

*  Leaves  exstipulate. 

Perianth  tubular   Myristicacece,  118. 

Perianth  short,  segments  deeply 

divided   Chmopodiacea,  116. 

**  Leaves  stipulate   Urticaeece,  125. 

b.  Ovary  many-celled. 

*  Leaves  exstipulate. 

Ovules  suspended    Euphorbiacece,  124. 

Ovules  ascending   Empetracece,  p.  346. 

**  Leaves  stipulate. 

Flowers  in  catkins    Betulacece,  131. 

Flowers  not  in  catkins    Euphorbiacece,  124. 

Ovary  inferior. 

*  Leaves  exstipulate. 

Flowers  in  catkins. 

Leaves  alternate   MyricacecB,  p.  355 

Leaves  opposite    Juglandacea,  129. 
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**  Leaves  stipulate. 

1.  Fruit  m  a  cupule    Ciqmliferce,  130. 

2.  Fruit  naked. 

Fruit  simple   (Begoniacete),  73. 

Fruit  multiple  (sorosis)   (Artocarpece),  126. 

B.  With  perianth  in  the  form  of  bracts  or  ab- 
ortive. 

I.  Flowers  hermaphrodite. 

Ovary  1-celled,  1 -seeded;  ovule  erect  .  .    Tiperacece,  134. 

H.  Flowers  diclinous. 

a.  Ovary  1-celled. 

*  Leaves  exstipulate ;  flowers  in  catkins  Myricacece,  p.  35-5. 
**  Leaves  stipulate. 

t  Ovules  numerous,  seeds  comose. . .  .  Salicacece,  132. 
tt  Ovules  solitary  or  twin. 

Ovule  erect   Myricacece,  p.  355. 

Ovule  pendulous    Platanacece,  128. 

b.  Ovary  2-  or  more-celled. 

Fruits  usually  tricoccous    Euphorbiaeece,  124. 

Fruits  indehiscent,  seeds  peltate   ....     Callitrichacece,  p.  359. 

Apetalovs  flowers 
occur  by  abortion  in  the  following  Orders: — 

A.  Thalamiflorce :  Ranunculacese,  Menispermacea?,  Papaveracese,  Caryo 
phyllacese,  Sterculiaceae,  Tiliaceae,  GeraniaceEe,  Eutaceoe,  &c. 

B.  Calyciflorce :  Celastraeese,  Rhamnacege,  Legimrinosas,  Rosacea?,  Ly 

thracea?,  Myrtaceas,  Haloragacea?,  Cucurbitacese,  Passifloracese,  Por 
tulacaceie,  Saxifragacese,  Loranthaceae,  &c. 

0.  Corolliflorce  :  Oleaceae,  Primulaceae. 

D.  The  affinities  of  the  Order  Myristicaceaa  are  to  the  Thalamiflorse;  o 
the  Begoniaceae  to  the  Calyciflora?,  such  as  Cucurbitaceae. 

Glass.  2.  Monocotyledones. 

Subclass  1.  Flowers  with  a  double  3-merous 
petaloid  (rarely  scaly)  perianth,  or  with 
a  green  3-merous  calyx  and  a  petaloid 

3-merous  corolla    A.  Petaloidece  (372). 

Subclass  2.  Flowers  without  a  perianth,  or 
with  a  few  scales  or  bristles,  the  whole 
arranged  on  a  spadix  naked  or  enclosed 
in  a  spathe   B-  Spddie^ora  (365). 

Subclass  3.  Florets  enveloped  in  imbri- 
cated, mostly  keeled,  green  or  brown 

scales,  not  in  regular  whorls    C.  Glumiforce  (395). 
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A.  PETALOIDEiE. 

I.  Ovary  superior. 

a.  Flowers  perfect. 

*  Seeds  exalbuminous    Alismacea,  155, 

**  Seeds  albuminous. 

1.  Perianth  scale-like. 

Leaves  pinnate  or  palmate    Pabnacece,  138. 

Leaves  grass-like   Juncacece,  145. 

2.  Perianth  petaloid. 

Fruit  capsular,  septicidal;  stamens 

G,  extrorse    Melanthaceee,  144. 

Fruit  capsular,  loculicidal ;  stamens 

6,  introrse   Liliacete,  143.  * 

Fruit  a  succulent  berry    Smilacece,  142. 

b.  Flowers  diclinous    {Smilacece),  142. 

II.  Ovary  inferior. 

a.  Flowers  diclinous. 

Leaves  with  netted  veins,  seeds  albuminous    Dioscoreacece,  141. 
Leaves  with  parallel  veins,  seeds  exalbu- 
minous   Hydrocharidacece,  154. 

b.  Flowers  perfect. 

*  Flowers  regular. 

1.  Stamens  3,  extrorse    Iridacece,  152. 

2.  Stamens  6,  introrse. 

Leaveshard,  channelled,  often  scurfy; 

calyx  and  corolla  mostly  distinct.    Bromeliacece,  153. 
Leaves  soft;  perianth  uniform  ....    Amaryllidacece,  151. 
**  Flowers  irregular. 

1.  Stamens  5  or  6    Musacece,  150. 

2.  Stamens  usually  1,  free. 

Anthers  1-ceUed,  filament  petaloid .  Marantacece,  149. 
Anthers  2-celled,  filament  not  pe- 
taloid   Zingiber -acece,  148.  ✓ 

3.  Stamens  1,  sometimes  2,  gynandrous.  Orchidacece,  147.  ' 

B.  Spadicifloe^:. 
I.  Flowers  on  a  distinct  spadix. 

a.  Leaves  mostly  netted-veined,  spadix  en- 

closed in  a  large  spathe,  perianth  absent, 

fruit  succulent   Aroidece,  140. 

b.  Leaves  parallel-veined,  broad  and  grass- 

like. 

*  Stamens  very  short,  perianth  a  few 

M  Qfales  ;   (Acorece),  140. 

**  fetamens  on  long  filaments,  perianth 

scaly  or  hairy   Typhacece,  p.  369. 
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II.  Flowers  on  a  spadix  reduced  to  a  short  pe- 
duncle, naked  or  surrounded  by  a  spajpne, 

a.  Seeds  exalbuminous    Naiadacca,  156. 

b.  Seeds  albuminous. 

Stem  and  leaves  blended  in  flat  floating 
fronds    .,   Lemnacca,  p.  371 . 

C.  Glumiflou^;. 

I.  Stern  solid;  leaf-sheaths  tubular,  not  slit; 

glume  1,  the  flower  in  its  axil;  embryo 

basilar,  within  the  albumen    Cyperacecs,  158. 

II.  Stem  fistular ;   leaf-sheaths  slit ;  glumes 

mostly  in  pairs  at  the  base  of  a  spikelet, 
of  1,  2,  or  several  flowers  ;  embryo  basi- 
lar, outside  the  albumen   Graminacece,  157. 

Div.  II.  Gymnospermia. 

I.  Stems  branched,  resembling  Dicotyledons  ; 

leaves  simple. 

a.  Stems  continuous. 

Fertile  carpels  several  in  a  cone   Pinacem,  159. 

Ovule  solitary,  surrounded  by  scales. . .  .     Taxacece,  160. 

b.  Stems  jointed   Gnetacecs,  161. 

II.  Stems  simple,  resembling  Palms ;  leaves 

pinnate   Cycadacecc,  162. 

Series  II.  CRYPTOGAMIA — FLOWERLESS  PLANTS. 

Div.  I.  With  stem  and  leaves  distinct   AnctIOSPOR^e. 

Div.  II.  "With  a  thallus   Gymnospoeje. 

Div.  I.  Angiosporae. 

1.  Plants  with  well-developed  foliage. 

a.  Fructification  on  the  lower  surface  or  edges, 

or  on  metamorphosed  lobes,  of  the  leaves.    Filices,  167. 

1.  Sporanges  with  an  annulus,  dorsal  or 

marginal,  splitting  irregularly    (Polypodiccc),  167. 

2.  Sporanges  without  an  annulus,  dorsal, 

connate,  splitting  regularly  by  a  ven- 
tral slit   (Marattkce),  167. 

3.  Sporanges  with  an  obscure  annulus,  on 

metamorphosed  pinnae  of  the  leaf ....    (Osmmdets),  107. 

4.  Sporanges  without  an  annulus,  distinct, 

2-valved,  on  the  margin  of  metamor- 
phosed lobes  of  the  leaf   (Ophioytossecr),  167. 
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b.  Sporanges   in  the  axils   of  imbricated 

leaves,  or  of  bracts  forming  terminal 
spikes. 

1.  Creeping-  plants  with  elongated  stems 

clothed  with  imbricated  leaves;  spo- 

ranges  scattered  or  in  spikes   Lycopodiacea,  164. 

2.  Plants  with  a  corm-like  stem  bearing 

a  tuft  of  sessile  leaves  with  sporanges 

imbedded  in  their  axils   Isoetacece,  165. 

c.  Sporanges  in  stalked  spore-fruits,  arising 

from  the  creeping  or  floating  rhizome 

near  the  bases  of  the  leaves  or  petioles.  .    Marsileaceee,  163. 

d.  Minute  tufted  or  creeping  plants  with  im- 

bricated leaves  and  stalked  or  sessile 
urn-shaped  or  oval  sporauges  arising 
out  of  a  vaginule  or  involucral  sheath. 

*  Leaves  mostly  spirally  imbricated ;  spores 
without  elaters. 

1.  Capsules  with  a  columella,  with  an 

operculum  or  indehiscent   Bryacece,  168. 

2.  Capsules  with  a  columella,  bursting 

by  4  lateral  slits   Andrceaceee,  170. 

**  Leaves  distichous,   capsules  splitting 

into  4  valves,  spores  mixed  with  elaters    Jungermanniacece,  171. 

II.  Plants  with  abortive  foliage,  consisting  of 

simple  or  verticillately  branched,  jointed, 
fistular  stems,  with  whorls  of  teeth  (leaves) 
at  the  joints    Equisetacece,  166. 

III.  Inconspicuous  plants  with  a  green  thalloid 

frond  with  or  without  a  midrib,  bearing 
vaginulate  sporanges  immersed  or  stalked, 
or  peltate  receptacles  with  numerous  spo- 
ranges. 

1.  Sporanges  immersed  or  sessile,  bursting 

irregularly,  without  elaters    Ricciece,  p.  426. 

2.  Sporanges  as  in  Jungermanniacete  (vide 

supra)    Jungermanniacece,  171. 

•°>.  Sporanges  pod-shaped,  2-valved  with  a 

collumella   Anthocerotea,  p.  424. 

4.  Sporanges  numerous,  on  the  underside  of 

peltate  stalked  receptacles  arising  from 

the  sinuses  of  the  frond   Marchantiacece,  172. 

IV.  Aquatic  plants  with  verticillately  branched 

stems  composed  of  tubular  filaments,  root- 
ing; fruit  consisting  of  solitary  ovate  spores 
(nucules)  and  globular  8-valved  antheridia, 

attached  to  the  whorled  branches    Characea,  173. 
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Div.  II.  Gymnosporae  (Ttollophytes). 

I.  Aquatic  plants,  with  a  coloured  tliallus,  grow- 
ing in  water  or  on  damp  ground,  leaf-like, 
filamentous  or  granular ;  fructification  sub- 
merged   Algce,  428. 

1.  Thallus  leaf-like,  filamentous  or  incrusting, 

mostly  red  or  purple ;  fructification  scat- 
tered or  in  receptacles,  consisting  of 
spores,  antheridia,  and  tetraspores   Rhodosjiermece,  174. 

2.  Like  the  preceding,  hut  olive  or  brownish    Dictyotaceai,  p.  48d , 

3.  Thallus  leaf-like,  cord-like,  shrubby  or 

filamentous,  mostly  olive  or  brown ;  fruc- 
tification in  conceptacles,  collected  in  re- 
ceptacles ;  conceptacles  containing  either 
spore-sacs  or  antheridia  or  both    Fueaccce,  175. 

4.  Olive-coloured  or  brown  Seaweeds,  with 

superficial  or  terminal  spore-sacs  produ- 
cing zoospores  with  2  cilia,  one  pointing 
forward,  the  other  backward   Phceosporcce,  17G. 

5.  Thallus  usually  green,  mostly  filamentous, 

or  consisting  of  cellular  masses  imbedded 
in  definite  or  indefinite  jelly;  fructifica- 
tion occurring  in  all  cells,  consisting  of 
gonidia,  active  (zoospores)  or  motionless, 
and  spores  which  are  matured  in  parent 
cells  after  conjugation  or  fertilization  by 
spermatozoids    Confervoidca,  177. 

6.  Filamentous  plants,  composed  of  jointed, 

sheathed  filaments,  simple  or  combined 
into  bundles  in  a  common  sheath,  often 

with  a  spontaneous  oscillating  motion  . .     Oscillatoriacece,  p.  539 

7.  Unicellular  plants  with  angular  or  vari- 

ously curved  walls,  free  or  associated  in 
definitely  arranged  families,  multiplied 
by  fission,  by  zoospores,  and  by  spores 
formed  in  sporanges  resulting  from  con- 
jugation   Btatomacea,  1/8. 

a.  Cell-wall  membranous,  contents  green  .    (Desmuhece),  lib. 

b.  Cell- wall  imbued  with  silica,  contents 

hrown   (Dtatomeai),  17& 

8.  Globular  or  quadrangular  hyaline  micro- 

scopic aquatic  bodies,  containing  green 

zoospore-like  bodies  whose  cilia  project 

from  the  surface  of  the  common  envelope  _ 

and  row  it  about   Vohocmete,  p.  440. 

Li.  Plants  growing  over  rocks,  bark  of  trees, 
earth,  &c,  attached  by  hair-like  fibrils; 
thallus  leathery,  crustaceous  or  pulverulent; 
fruit  superficial  or  immersed  in  the  thallus  Ltclwnacece, 
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III.  Plants  with  a  cottony  th alius  or  mycelium 
devoid  of  chlorophyll  or  starch,  growing  in 
living  or  decaying  organic  matter;  fruits 
distinct  from  the  thallus,  on  a  more  or  less 
developed  receptacle   Fungi,  p.  443. 

1.  Fungi  with  distinct  fleshy,  homy,  or  gela- 

tinous fruit  of  definite  form,  consisting 
of  a  common  receptacle  developed  in  the 
interior  of  a  dehiscent  or  indehiscent  sac 
or  peridiuni   Agaricacece,  180. 

2.  Fungi  with  distinct  fleshy,  horny,  or  gela- 

tinous fruit,  consisting  of  a  naked  com- 
mon receptacle  bearing  the  spores   Exidiacece,  181. 

3.  Fungi  with  a  distinct  or  obscure  fruit, 

often  immersed  in  the  supporting  object ; 
hollow  conceptacles  or  open  discoid  re- 
ceptacles lined  with  asci  or  stylospores .  .    Splicer  iacece,  182. 

4.  Microscopic  Fungi,  forming  mildews,  &c, 

consisting  of  a  flocculent  thallus  with 
numerous  erect  branched  or  simple  fila- 
ments bearing  acrogenous  spores  or  sacs 
filled  with  endogenous  spores    Botrytacece,  183. 
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CHAPTER  I. 

PHYSIOLOGICAL  ANATOMY  OF  PLANTS. 

Sect.  1.  The  Structure  of  Plants. 

559.  The  Physiology  of  Plants  is  that  department  of  Botany  which 
treats  of  the  phenomena  of  the  Life  of  Plants,  manifested  in  a  series 
of  changes  taking  place  in  the  diverse  parts  of  which  each  plant  is 
composed. 

These  parts,  as  we  have  already  seen  (Morphology,  Chap.  I.), 
are  not  simply  fragments,  combining  to  increase  the  hulk  of  the  ob- 
ject (their  size  alone  having  no  definite  relation  to  that  of  the 
entire  plant),  but  they  are  instruments,  variously  occupied  in  per- 
forming the  different  functions,  the  continuous  operation  of  which 
indicates  the  existence  of  what  we  call  Life.  These  instruments 
are  called  Organs. 

The  external  characters  of  the  Organs  of  plants,  generally,  have  been 
described  in  the  First  Part  of  this  work,  and  a  summary  indication  of 
their  functions  has  been  conveyed  by  their  classification  under  the  heads 
of  Vegetative  and  Reproductive  Organs  (§19).  But  the  object  of  the 
Morphological  chapters  was  to  point  out  the  conditions  and  relations  of 
Form,  as  produced  by  the  external  shapes  of  the  individual  organs  and 
their  modes  of  combination.  Here  we  have  to  examine  the  phenomena 
of  Vitality,  as  displayed  in  the  changes  they  present  in  the  course  of  the 
Development,  Growth,  and  Multiplication  of  Plants. 

In  the  pursuit  of  this  inquiry,  it  is  soon  found  that  we  cannot  go  far 
without  penetrating  more  deeply  into  the  characters  of  Organs ;  for  it  is 
quickly  perceived,  as  might  be  gathered  even  from  the  manifold  variations 
on  each  type  discovered  in  the  study  of  Morphology,  that  mere  external 
form  is  no  sure  indication  of  the  nature  of  the  vital  functions  performed 
by  the  organs  of  plants,  and  that  the  physiological  character  of  an  organ 
is  dependent  in  great  part  upon  its  internal  composition,  or,  at  least,  that 
the  existence  of  a  particular  internal  structure  chiefly  determines  the 
function  of  an  organ. 
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560.  The  physiological  Organs  of  plants  are  themselves  composed 
of  a  number  of  parts,  which  again  exhibit  a  kind  of  completeness 
of  their  own,  and  a  relation  to  the  organs  analogous  to  the  relation 
of  the  latter  to  the  entire  plant.  These  ultimate  parts  of  organic 
bodies,  arrived  at  long  before  we  reach  the  limits  of  the  possible 
mechanical  divisibility  of  the  objects,  constitute  the  "atoms," 
physiologically  speaking,  of  plants,  and  aro  called  the  Elementary 
Organs. 

When  we  proceed  to  subdivide  by  mechanical  or  chemical  means  the 
substance  of  the  vegetative  or  reproductive  organs,  we  resolve  it  into  a 
number  of  microscopic  vesicles  and  fibres  ;  and  then,  if  we  attempt  to  di- 
vide these  further,  their  distinctive  character  is  lost,  and  they  become 
mere  fragments  of  vegetable  matter,  only  certainly  recognizable  as  of 
organic  origin  by  their  chemical  composition.  Under  certain  limitations, 
we  may  compare  a  plant,  or  an  organ  of  a  plant,  to  a  crystal.  Each  has 
its  definite  character  by  which  it  is  possible  to  distinguish  it  from  any 
other  object.  But  we  might  pulverize  the  crystal,  and  yet  any  one  frag- 
ment of  sufficient  size  for  operation  would  display  to  the  analyst  all 
the  chemical  qualities  of  the  entire  crystal ;  and  if  we  dissolved  such  a 
fragment  and  crystallized  it  upon  a  slip  of  glass,  we  should  perceive  by 
means  of  the  microscope  that  it  solidified  into  a  miniature  representation 
of  the  original  crystal ;  moreover,  if  we  then  collected  all  the  fragments 
and  dissolved  them,  we  might  by  careful  evaporation  reproduce  a  crystal 
exactly  like  that  from  which  we  started. 

In  Vegetables  (as  in  Animals)  the  case  is  entirely  different.  When 
we  cut  a  plant  in  pieces,  the  parts  will  differ  not  only  in  form  but  in 
structure,  and  bear  no  longer  any  recognizable  relation  to  each  other ; 
we  cannot  reproduce  the  plant  from  them,  and  even  the  chemical  ex- 
amination of  different  fragments  may  give  most  diverse  results — ultimate 
analysis  alone,  by  which  they  are  resolved  into  their  mineral  elements, 
arriving  at  the  detection  of  a  common  bond  among  them,  that  of  being 
formed  of  compounds  which  we  only  meet  with  in  organic  matters.  Above 
all,  in  the  act  of  subdivision,  although  this  may  be  carried  to  a  high  de- 
gree in  plants  without  destroying  life  (even  sometimes  within  the  limit 
of  single  organs),  beyond  a  certain  point  it  results  in  the  annihilation  of 
the  especial  force,  the  organizing  or  vital  principle,  by  which  the  organs 
were  made  to  combine  their  activity  to  produce  the  distinctive  character 
as  an  independent  individual  object. 

561.  The  diversities  of  form  and  consistence  of  the  Elementary 
Organs  give  rise  to  all  the  differences  of  physical  condition  in  the 
organs  of  vegetation  and  reproduction ;  and  all  those  changes  which 
collectively  constitute  the  Life  of  plants  depend  on  the  combination 
of  a  multitude  of  minor  operations  which  have  their  scat  in  the 
elementary  organs,  singly  or  as  combined  into  tissues.  The  study 
of  the  Elementary  Anatomy  is  therefore  the  only  secure  foundation 
upon  which  to  build  the  Physiology  of  Plants. 

562.  The  elementary  organs  of  plants  are  all  referable  to  one 
primary  type,  which  is  not  only  recognizable  through  a  comparison 


470 


rilYSIOLOGY. 


of  the  fully  developed  modifications,  but  is  found  to  be  the  form  in 
•which  all  originate. 
•*>    This  fundamental  organ  of  vegetable  structure  is  called  a  Cell, 
and  may  be  denned  as  a  closed  sac  composed  of  solid  membrane  and 
filled  wi/h  fluid  or  semifluict  matler. 

It  must  not,  however,  be  overlooked  that  living  plants  can  exist,  at 
least  for  a  time,  without  any  bounding  cell-membrane.  The  perfect  cell 
is  taken  as  the  fundamental  organ  for  convenience'  sake,  and  because 
it  presents  a  definite  form  ;  it  is  not  to  be  regarded  as  the  ultimate 
structural  unit,  because  detached  fragments  of  it  are  capable  of  in- 
dependent existence  under  certain  circumstances. 

The  form  of  the  sac,  and  the  consistence  of  the  membrane  of  which  it 
is  composed,  are  points  of  subordinate  importance ;  the  condition  of  the 
fluid  contents  and  their  more  or  less  heterogeneous  character  are  like- 
wise without  influence  upon  the  definition  of  the  perfect  cell  as  the  primary 
element  of  the  organic  structure  of  plants ;  in  which  the  absolutely  essen- 
tial characteristics  are — the  existence  of  a  membrane  or  coat  forming  the 
boundary  of  the  individual  cell,  and  the  contents,  isolated  by  this  boundary, 
on  which  depend  the  physiological  efficiency  of  the  cell. 

563.  The  cell  is  the  elementary  organ  of  vegetable  structure,  but 
is  not  the  smallest  or  most  simple  definite  form  in  which  organic 
matter  may  exist  in  plants.    In  the  contents  of  cells  we  find  granules 

\  of  various  kinds  &c,  and  also  fibres  ;  the  former,  however,  are  not 
direct  constituents  of  tissues,  but  occur  only  among  the  contents  of 
cells,  as  more  or  less  transitory  conditions  of  assimilated  matter ; 
while  the  latter  merely  form  parts  of  the  structure  of  the  cell- 

»  membrane. 

Under  the  head  of  these  granules,  we  comprehend  chlorophyll-cor- 
puscles, starch-grains,  &c,  together  with  filamentous  bodies  like  the 
spermatozoids  of  the  higher  Cryptogamia  &c.  Many  authors  describe 
also  what  are  termed  utricular  structures,  minute  cells  within  the  cells  ; 
but  considerable  doubt  exists  as  to  the  essentiality  of  the  cavities  which 
render  some  of  the  "  granular  "  bodies  vesicular,  and,  in  any  case,  the  coat 
of  the  hollow  granules  has  no  analogy  to  the  wall  of  a  true  cell,  since 
it  is  the  active  and  efficient  part  of  the  "utricle."  Further  notice  of  these 
structures  is  reserved  for  the  description  of  nuclei,  chlorophyll,  &c. 

In  regard  to  the  fibres,  those  which  were  formerly  regarded  ns  distinct 
from  the  membrane  of  the  cell  are  merely  thickened  portions  of  the  wall, 
depending  on  what  are  called  secondary  deposits. 

564.  Plants  of  the  lowest  organization  consist  of  the  ultimate  or 
elementary  organs  in  their  simplest  forms,  and  may  even  be  so 
simple  as  to  consist  of  a  single  elementary  organ  or  cell.  A  step 
higher  we  find  plants  composed  of  a  few  cells  connected  together 
into  a  definitely  arranged  group  in  their  earlier  period  of  existence, 
and  subsequently  separating  entirely  into  the  constituent  cells,  each 
of  which  lays  the  foundation  of  a  new  colony. 

Examples  of  Unicellular  plants,  in  the  stricter  sense  of  the  word,  are 
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furnished  by  the  free  Desmidiece  Sec,  such  as  Clostcrium  (fig.  462,  b,  c)— ■ 
of  the  families  of  essentially  independent  cells,  also  included  under  the 
name  of  Unicellular  plants  by  some  authors,  by  the  geometrically  grouped 
Desmidiece  (fig.  4152,  is,  a)  aud  the  Palmellece. 

565.  By  far  the  greater  part  of  the  species  of  plants  are  composed 
of  an  indefinite  number  of  cells  permanently  combined  together, 
forming  what  are  termed  the  tissues.    If  the  cells  entering  into  the  £ 
composition  of  a  tissue  are  essentially  alike,  they  form  a  simple  tissue  ; 

if  cells  which  have  undergone  modifications  which  give  them  an 
essentially  diverse  character  are  combined  in  an  anatomically  well- 
defined  tissue,  this  is  called  a  compound  tissue. 

In  the  Algre,  especially  the  simpler  membranous  or  filamentous  forms, 
we  may  readily  see  the  uniformity  of  the  character  of  the  cells  throughout 
the  thallus  (p.  427)  ;  the  same  uniformity  prevails  through  the  cells  of 
such  tissues  as  the  pith  of  Dicotyledonous  stems  &c.  But  if  we  examine 
the  wood  surrounding  this  pith,  or  even  the  ribs  running  into  the  leaves, 
we  find  a  variety  of  conditions  of  the  elementary  organs  within  the  well- 
defined  limits  of  these  portions  of  woody  tissue. 

566.  The  simple  tissues  of  plants  are  divisible  again  into  two 
primary  groups,  according  to  the  mode  of  union  of  the  constituent 
cells.  In  proper  Cellular  Tissues,  the  cells,  however  firmly  coherent, 
are  only  in  contact  by  their  walls,  which  form  a  persistent  boundary 
between  them.  In  a  series  of  tissues  most  extensively  developed  in 
plants  of  high  organization,  the  cells  enter  into  closer  relation,  be- 
coming confluent  by  the  absorption  of  their  contiguous  surfaces, 
and  thus  converted  into  more  or  less  extensive  tubular  bodies,  which, 
in  their  various  conditions,  form  what  are  called  the  ducts  and  vessels 
of  plants.    These  constitute  the  Vascular  Tissues. 

What  are  called  the  vessels  of  plants  are  really  compound  elementary 
organs  ;  but  it  is  not  requisite  to  enter  into  more  minute  distinctions  here, 
since  the  phenomena  oi  fusion  of  cells  into  such  compound  organs  are  not 
very  varied  in  plants,  and  in  all  cases  the  composition  of  the  structure 
from  a  number  of  distinct  cells  is  very  evident. 

567.  The  tissues,  simple  and  compound,  enter  into  the  compo- 
sition of  the  Organs  of  Vegetation  and  Reproduction  of  Plants  upon 
a  certain  general  plan  for  any  particular  kind  of  organ,  but  under 
specially  modified  arrangements,  referable  to  a  progressive  series  of 
types,  in  the  several  large  Classes  of  the  "Vegetable  Kingdom. 


Sect.  2.  The  Cell. 
Form  and  Magnitude, 

568.  The  shapes  and  sizes  of  the  cells  of  plants  are  determined 
by  causes  of  two  kinds,  namely  :— their  own  laws  of  growth,  which 
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are  inborn  and  hereditary;  and  the  favourable  or  obstructive  in  II  nonces 
which  bear  upon  their  development  in  each  particular  case. 

As  a  general  statement,  it  may  be  said  that  the  primary  form  of 
the  Vegetable  Cell  is  that  of  a  sphere  ;  and  that  deviations  from  that 
type  are  more  or  less  attributable  to  secondary  influences,  arising 
from  the  connexion  of  cells  in  coherent  groups. 

t  The  spherical  form  is  usually  found  in  cells  developed  freely,  i.  e.  not 
arising  from  mere  subdivision  of  a  preexisting  cell.  Thus  we  find  em- 
bryonary  cells  and  endosperm-cells  in  the  embryo-sac  of  Phanerogamia,  the 
spores  of  some  Oryptogamia,  together  with  many  of  the  lower  plants  com- 
posed of  one  or  few  cells  only,  such  as  those  of  growing  Yeast  (fig.  468,  a) 
&c.,  presenting  the  spherical  as  the  original  form.  But  by  far  the  most 
frequently  occurring  spherical  cells,  such  as  many  pollen- grains,  spores, 
those  in  the  pith  of  young  shoots  of  Dicotyledons,  of  the  pulp  of  fruit,  &c, 
assume  this  form  subsequently  to  the  earliest  stage  of  development,  being 
placed  in  circumstances  which  allow  them  to  expand  freely  according  to 
their  natural  tendency. 

569.  The  above  general  statement  is  subject  to  certain  important 
exceptions,  in  which  deviation  from  the  typical  form  exists  without 
any  interference  with  the  development  of  the  cell  according  to  its 
own  laws ;  these  are  met  with  principally  in  the  lower  cellular 
plants,  especially  the  Unicellular  Algse,  in  which  we  find  single  free 
cells  assuming  the  most  varied  but  specifically  determinate  forms. 

Examples  of  this  are  offered  not  oidy  by  the  Desmidiete,  but  by  the 
more  unequivocally  vegetable  Vaucheria,  Botrydium  (fig.  462,  e),  and 
others. 

570.  The  interfering  influences  above  referred  to  are  of  two  prin- 
cipal kinds,  namely  : — special  directions  assumed  in  the  development, 
in  obedience  to  a  law  regulating  the  structure  of  the  organism,  or  of 
the  tissue,  of  which  the  cell  forms  part ;  and  obstruction  to  the  pos- 
sibility of  expansion  in  certain  directions,  from  the  pressure  of  sur- 
rounding cells. 

These  influences  are  very  fruitful  in  producing  variety  of  form.  The 
first  kind  is  the  most  important,  and  determines  the  general  form  of  the 
cell ;  the  second  in  most  cases  affects  merely  the  shape  of  its  external 
surfaces.  The  form  of  the  cells  of  fully  developed  tissues  is  usually  the 
result  of  both  lands  of  influence  combined. 

571.  In  cells  existing  in  combination  we  find  three  principal  classes 
of  forms,  referable  purely  to  the  influence  of  the  law  of  development  :— 
(1)  the  spheroidal,  obedient  to  the  fundamental  type  ;  (2)  the  cylin- 
drical, in  which  there  is  a  more  or  less  considerable  tendency  to  elon- 
gate in  the  direction  of  a  vertical  axis ;  and  (3)  the  tabular,  m  which 
there  is  an  excess  of  development  in  the  direction  of  the  two  trans- 
verse axes. 

The  spheroidal  form  presents  every  possible  transition  from  the  sphere 
{Protococcm,  pollen  of  Passiflora,  Hibiscus,  cells  of  cortical  parenchyma 
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fig.  470,  &c),  through  the  ellipsoidal  (usual  in  longer  or  shorter  forms  in 
the  subepidermal  parenchyma  of  leaves),  to  the  fusiform  or  spindle-shape 
(most  abundant  in  the  cells  of  wood  and  fibrous  structures;  fig.  471),  and 
the  truly  cylindrical,  either  of  moderate  length  (cells  of  Confervas,  fig. 
4(35,  &c),  or  drawn  out  so  as  to  become  what  is  termed  filiform  (cotton, 
and  other  cellular  hairs).  The  spheroidal  form  also  passes  gradually, 
especially  in  epidermal  tissues,  into  the  tabular  form. 


Fig.  471. 


Fig.  470. 


V 


Fig.  472. 


Fig.  4(0.  Merenchymatous  cells  of  the  rind  of  Euphorbia  canariensU.    Maen  100  diam 
*jg.  471.  Liber-cells  of  Cocoa  bolryophora.    Magn.  50  diam. 

Fig.  -172.  Parenchymatous  cells  from  the  leaf  of  Orchis  mascula.    Magn.  200  diam. 

•r>72.  Secondary  modifications  of  these  forms  arise  chiefly  either 
from  partial  cohesion  in  lax  tissues,  from  irregular  growth,  or  from 
pressure  in  densely  packed  tissues. 

i  Thus  the  spheroidal  form  becomes,  in  lax  tissues,  an  irregular  spheroid 
in  endless  varieties  (commonest  of  all  in  the  parenchyma 'of  leaves  and 
nna  ot  succulent  stems),  running  out  by  degrees  into  lobed  and  finally 
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stellate  forms,  by  exclusive  development  of  the  free  surfaces  while  the 
contiguous  cells  remain  attached  at  a  few  points,  e.  g.  in  cells  of  the  paren- 
chyma of  leaves  and  leaf-stalks  of  many  Monocotyledons  (fig.  472),  MvsOf 
SapiUaria  (fig.  473),  &c,  and  above  all  in  the  pith  of  "Rushes  (fig.  474  ), 
and  the  stems  of  various  aquatic  plants. 

The  mutual  pressure  of  cells,  commonly  exerted  in  stems,  in  seeds, 
hard  parts  of  fruits,  &c,  converts  the  spheroidal  into  polyclonal  forms,  of 
which  the  more  or  less  regular  dodecahedron  or  tetradecahedron,  giving  an 
hexagonal  section,  and  arising  from  equal  pressure  in  all  directions,  is 
perhaps  the  commonest  (pith  of  fully  developed  shoots  of  Dicotyledons, 


Fig.  473.  Pig.  474. 


Fig.  475. 


Fie.  473.  Section  of  a  septum  of  an  air-canal  in  the  petiole  °[^t,a"%.  300  dwm- 

F  |  474.  Stellate  cellular  tissue  from  the  petiole  of  Rush.    Magn.  300 ^m. 
Fig.  475.  Stellate  hail-  from  the  petiole  of  Nymphwa  advena.    Jlngu.  200  diam. 

such  as  Elder,  &c),  or  cubic,  found  in  woody  fruits,  &c.  The  cylindrical 
becomes  under  the  same  circumstances  prismatic ,  either  six-sided  m 
flat  ends,  or  with  three  rhombic  faces  at  top  and  bottom,  the  common  form 
of  the  cellular  tissue  of  the  stems  of  herbaceous  stems >  (fig.  4/ fa),  or  4-siOea 
with  flat  ends,  as  in  the  medullary  rays  of  Dicotyledons  or  with  corneal 
or  oblique  ends,  the  common  form  of  wood-cells.  Less  frequent  ore  the 
?™  nf  qnorpq  and  nollen- "rains,  sometimes  onlv  temporary,  sometimes 
JZ£j^!ra*J^  of  four  U  by - 
a  spherical  parent  cell;  these  sometimes  appear  ^^«gfg£3 
an  orange,  sometimes  as  tetrahedra,  the  curved  surface  forming  the  baseot 
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the  pyramid.  In  the  tabular  forms  of  the  cell,  the  mutual  pressure  gene- 
rally confirms  an  originally  rectangular  figure,  the  tabular  cells  of  epi- 
dermis and  cortical  structure  being  usually  of  quadrangular  or  polyan- 
gular  figure,  fiat  above  and  below  (fig.  475)  ;  but  in  these  we  have  some- 
times a  complication  from  expansion,  under  pressure,  principally  in  certain 
directions,  cells  of  epidermis  of  many  plants  exhibiting  side-walls  thrown 
into  sinuosities  following  a  particular  pattern  (fig.  478). 

573.  .By  far  the  great  majority  of  cells  in  the  higher  plants  origi- 
nate in  forms  analogous  to  those  produced  by  pressure,  since  they 
multiply  by  division,  and  the  septa  dividing  two  newly  formed  cells 
have  ordinarily  plane  surfaces  (fig.  477)  :  a  spherical  cell  forms  two 

Fig.  476. 


Cells  of  the  pith  of  Acanthus  mollis,  Been  in  a  vertical  section.   Mngn.  200  diam. 


hemi  spherical  cells  &c. ;  a  prismatic  cell  dividing  perpendicularly 
two  half-prisms,  or,  if  horizontally,  two  superposed  shorter  prisms' 
&c  As  a  general  rule  these  cells  have  a  tendencv  to  assume  the 
spherical  (or  cylindrical)  form  in  their  earlier  stages  of  growth  while 
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the  whole  mass  of  tissuo  is  lax ;  and  if  they  are  set  free,  as  in  the 
case  of  spores,  pollen,  &c.,  they  often  become  quite  spherical.  But  if 
they  form  part  of  a  permanent  tissue,  the  expansion  of  the  organ  of 
which  they  form  part  stops  at  a  certain  point,  before  they  cease  to 
swell,  and  thus  the  mutual  pressure  comes  to  bear  upon  them  and 
causes  the  production  of  plane  surfaces. 

We  may  trace  this  by  making  sections  of  the  pith  of  a  shoot  of  Elder 
from  the  growing  point  or  punctum  vegetationia  downwards  :  at  the  point 
the  nascent  cells  are  squarish ;  lower  down  they  have  swollen  into  sphe- 
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Fig.  477.  Young  prothallium  developed  from  the  spore  of  a  Fern  (P/eris  serrulata). 
Magn.  200  diam. 

Fig.  478.  Epidermis  of  the  lower  surface  of  the  leaf  of  Selleborus  fcetidus,  with  stomata 
(o).    Magn.  200  diam. 

rical,  while  when  full-grown  they  are  dodecahedral.  The  similar  change 
from  cylindrical  to  prismatic  takes  place  in  the  cambium-cells  of  annual 
stems  and  shoots  ;  but  in  succeeding  years  the  cambium- cells  formed  by 
division  of  preexisting  cells  exhibit  a  rectangular  outline  first  and  last, 
only  increasing  in  diameter,  chiefly  in  a  radial  direction. 

574.  The  magnitude  of  cells  is  very  varied.  About  Ti-tr  of  an 
inch  may  be  taken  as  an  average  of  the  diameter  of  parenchyma- 
cells  ;  the  cylindrical  cells  are  especially  remarkable  for  the  great 
length  they  often  acquire  as  contrasted  with  their  transverse  dia- 
meters, and  with  the  transverse  and  perpendicular  diameters  of  other 
forms. 

The  larger  cells  of  the  pith  of  the  Elder  are  about  of  an  incli  in 
diameter,  but  ^  is  to  be  regarded  as  a  large  diameter  in  parenchyma.  On 
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the  other  hand,  the  spores  of  Fungi  afford  examples  of  extremely  minute 
dimensions,  such  as  „W  to  jfa  of  an  inch.  The  cylindrical  cells  of 
wood  are  not  uncommonly  A  of  an  incli  in  length;  liber-cells  sometimes 
from  A  to  h  or  ?  of  an  incli  (Flax).  Hairs  composed  of  one  or  more  cylin- 
drical cells)  and  the  cylindrical  cells  of  some  of  the  Conferva;,  especially 
Vaucheria,  lin/opsis,  &c,  and  Chara,  also  attain  longitudinal  dimensions 
to  be  measured  in  inches,  while  their  diameter  is  estimated  in  hundredths 
of  an  inch. 

The  Cell-wall. 

575.  In  all  young  cells  the  wall  is  of  membranous  nature,  and  in 
many  cases  it  always  retains  this  character.  While  young  this  mem- 
brane is  freely  permeable  by  water,  elastic  and  flexible.  As  the 
cell- wall  grows  older  it  becomes  altered  in  consistence  and  firmer, 
opposing  a  greater  obstacle  to  the  entrance  of  water  into  its  substance,  , 
independently  of  any  great  increase  of  thickness,  as  we  see  in  cork- 
cells  ;  when  it  increases  in  thickness  it  may  remain  soft  and  flexible, 
or  become  very  dense,  but  in  such  cases  it  generally  remains  tolerably 
freely  permeable  by  water,  even  when  most  dense,  while  the  softer 
kinds  absorb  water  so  readily  that  they  swell  up  considerably  when 
wetted. 

Membrane  of  living  cells  always  appears  to  contain  water  as  an  essen- 
tial part,  almost  like  the  water  of  crystallization  in  hydrated  salts.  When 
dried,  cells  contract  more  or  less;  and  many  phenomena  of  bursting  of  i> 
fruits,  sporanges,  &care  the  result  of  the  tearing  down  of  weak  regions 
of  cellular  tissue  by  the  contraction  of  firmer  tissues  in  drying.  Cellular 
tissues  with  soft  thick  membrane,  like  those  of  the  Alga;  &cv  contract  in 
drying  so  as  to  cause  the  shrivelling  of  the  structure.  All  such  tissues 
absorb  water  when  wetted,  and  swell  up  again,  but  do  not  in  all  cases  re- 
assume  their  original  flexibility.  Cells  of  wood,  liber,  &c.  also  expand 
when  wetted ;  but  the  expansion  takes  place  in  a  direction  transverse  to 
their  axes,  and  they  usually  contract  in  the  longitudinal  dimension  as 
they  swell  laterally.  Hence,  although  wood  and  fibrous  structures  swell 
in  water,  it  is  only  in  the  direction  across  the  grain,  and  cordage  simul- 
taneously contracts  in  the  direction  of  the  fibres. 

Diluted  sulphuric  acid  and  alkaline  solutions  cause  a  swelling  of  the 
membrane  of  most  cells,  of  which  advantage  is  sometimes  taken  in  woven 
fabrics  to  render  the  stuff  closer  in  texture.  By  soaking  in  an  alkaline 
solution,  the  single  fibres  are  made  to  swell  so  as  to  come  more  completely 
into  contact  and  fill  up  the  interstices. 

576.  Primary,  nnaltercd  cell-membrane  is  colourless ;  subse- 
quently it  becomes  coloured,  usually  of  a  tint  of  brown,  apparently 
by  infiltration  of  substances  formed  in  the  contents,  since  by  boiling 
the  membrane  of  old,  deep-brown  tissues  with  nitric  acid,  or  with 
solution  of  potash,  the  colouring-matter  may  be  extracted. 

577.  The  original  membrane  of  a  newly  formed  cell  is,  as  far  as 
we  have  the  means  of  perceiving  it,  a  homogeneous  layer  of  substance 
the  porous  nature  of  which  is  only  to  be  concluded  from  the  fact  of 


478 


PHYSIOLOGY. 


its  permeability,  no  visible  pores  being  revealed  by  the  most  perfect 
microscopes  we  possess. 

It  is  important  to  note  this  homogeneity  of  the  primary  cell-wall, 
as  the  membrane  almost  always  becomes  marked  with  dots  and  lines,' 
indicating  inequality  of  thickness,  as  it  becomes  thicker. 

578.  This  primary  membrane  appears  to  have  the  property  of 
growing  by  what  is  called  intussusception  of  molecules,  since  it 
expands  to  accommodate  the  increasing  contents  of  the  cell  in  cell- 
growth,  without  auy  indication  of  structure  necessarily  accompanying 
the  expansion. 

No  better  example  of  this  can  be  mentioned  than  the  growth  of  the 
pollen-tube  of  Phanerogamia,  which  sometimes  acquires  a  length  of  2 
or  more  inches  (Cactus)  without  ever  departing  from  the  homogeneous 
pellicular  structure. 

Cell-membrane,  however,  may  increase  in  size  by  expansion,  as  we  see 
in  the  cell-division  of  CEdogonium,  in  w.hich  a  thickened  ring  of  accumu- 
lated cellulose  is  stretched  out  by  the  elongating  cell  and  becomes  a  thin 
membranous  coat  to  the  latter. 

The  molecular  structure  of  cell-membrane  has  been  studied  by  Nageli, 
who,  from  his  researches  on  the  constitution  of  the  membrane  of  the  starch- 
grain  by  means  of  polarized  light,  comes  to  the  conclusion  that  all  organic 
substances  are  composed  of  crystalline  molecules  grouped  in  a  definite 
manner.  When  dry  the  molecules  are  without  interspaces ;  when  moist, 
each  molecule  is  surrounded  by  a  thin  film  of  water.  Nageli  further 
supposes  that  each  molecule  is  made  up  of  a  number  of  atoms,  similar  to  or 
identical  with  the  atoms  of  the  chemist.  The  molecules  are  of  different 
sizes  ;  those  portions  of  the  structure  richest  in  water  have  the  smallest 
molecules.  The  molecules  themselves  are  of  the  nature  of  crystals  with 
two  optic  axes. 

579.  The  walls  of  almost  all  cells  soon  exhibit  a  departure  from 
the  original  simple  condition,  arising  from  the  formation  of  new 
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Fig.  479. 


Tig.  470. 
Fig.  480, 


Transverse  section  of  liber-cells  of  Coco*  botryophora.    Magn.  200  diam. 
Transverse  section  of  a  thick-walled  cell  from  the  pith  ottioya  carnosa. 
500  diam. 
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Lamellffi,  more  or  less  resembling  the  primary  mcmbraue,  all  over,  or 
over  particular  parts  of  the  inside  of  the  primary  membrane,  lhese 
are  distinguished  as  secondary  layers  (figs.  479,  480).  The  consistence 
of  these  layers,  and  the  mode  in  which  they  are  disposed,  produce 
the  most  important  diversities  of  character  of  the  walls  ot  iully 
developed  cells. 

The  laminated  condition  of  cell-membrane  may  be  well  observed  m 
simple  cellular  structures  by  treating  fragments  of  Cladophora  ylomerata, 
or  other  lar°-e  Confervoid,  with  diluted  sulphuric  acid.  The  lammse  are 
very  visible  °in  cross  sections  of  the  cells  of  wood  and  liber  after  these 
have  been  boiled  for  a  short  time  in  nitric  acid. 

580.  Besides  the  primary  membrane  and  the  secondary  layers,  we 
find  in  certain  cases  a  kind  of  envelope  which  has  been  variously 
explained  by  different  authors.  The  filaments  of  some  Confervoids 
(Spirogyra,  fig.  465),  of  Desmidium,  &c,  the  families  of  cells  of 
Palmellece  and  Nostochinece,  are  surrounded  by  a  coat  of  gelatinous 
consistence,  outside  the  proper  cell-membrane.  This  appears  to  be 
produced  by  the  softening  and  swelling  up  of  the  parent  cells  (of 
many  generations)  of  the  cells  which  are  surrounded  by  such 
envelopes. 

These  gelatinous  coats  are  apparently  analogous  to  the  intercellular 
substatice,  as  it  has  been  called,  to  be  mentioned  hereafter. 

581.  Another  layer  is  characteristic  of  many  cell-membranes 
which  are  destined  to  protect  the  subjacent  tissues,  or  their  own 
contents,  from  the  action  of  the  atmosphere,  namely  those  of  epi- 
dermal cells  and  of  pollen-grains  and  spores.  These  exhibit  a  super- 
ficial pellicle,  of  varied  character  as  to  thickness,  texture,  and  marking, 
which  pellicle  appears  subsequently  to  the  first  formation  of  the  cell. 
This,  like  the  gelatinous  coat  just  described,  is  a  structure  altogether  of 
secondary  character,  but  is  distinguished  from  the  ordinary  secondary 
layers  of  thickening  by  its  position  on  the  outside  of  the  cell-wall. 

It  is  still  a  moot  question  whether  these  pellicles  are  secreted  by  the 
primary  membrane  on  the  outside,  or  are  formed  by  transformation  of  the 
outer  laminse  of  the  primary  membrane  itself,  whose  place  is  then  taken 
by  some  of  the  outer  secondary  layers.  This  subject  will  be  more  dwelt 
upon  under  the  head  of  the  cuticle. 

582.  The  secondary  formations  on  the  inside  of  the  cell-membrane 
may  (1)  correspond  in  character  to  the  primary  wall,  in  which  case 
the  cell-wall  is  simply  thickened  by  new  lamellae  ;  or  (2)  the  new 
layers  applying  themselves  equally  over  the  wall,  leave  certain  parts 
bare,  which  appear  as  dots  or  pits  of  various  forms  when  viewed 
from  the  inside  (figs.  481,  a,  b)  ;  or  (3)  they  are  applied  only  over 
parts  which  form  peculiar  patterns  upon  the  primary  wall,  and  appear, 
when  of  sufficient  thickness,  like  fibres  adhering  to  it,  spiral,  annular' 
or  connected  into  a  kind  of  network. 
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I  hose  secondary  layers  which  reserahle  the  primary  wall,  although 
uniformly  deposited,  present  in  certain  cases  an  appearance  as  though 
their  molecules  were  arranged  in  a  spiral  order,  since  fine  spiral  streaks 


Fig.  481,  B. 


Fig.  481,  A. 


Fig.  481,  A.  Section  of  cells  of  the  endosperm  of  a  Sago-Palm.    Magn.  200  diam. 
Kg.  481,  B.  Laminated  cell-walls  of  the  cells  in  A.    Magn.  500  diam. 

may  sometimes  be  detected,  after  treating  them  with  acids  and  hv  other 
means,  and  many  of  them  are  apt  to  tear  in  a  spiral  direction.  The 
excessively  delicate  spiral  marking  here  referred  to  (seen  in  liber-cells  of 
Vinca  (fig.  483)  and  most  Apocynacese  and  Asclepiadaceas,  in  wood- 
cells  of  Finns,  in  the  cell-membrane  of  Hydrodictyon,  Sec.)  must  not  be 
confounded  with  a  deceptive  appearance  resembling  a  much  coarser  spiral 
striation  produced  by  treating  the  membranes  of  Conferva?,  the  paren- 
chyma-cells of  Orchis,  Cucurbita,  &c.  with  sulphuric  acid,  where  the 
appearance  often  results  from  the  irregular  convolutions  of  the  swollen 
lamella;  of  the  cell-wall. 

583.  The  uniform  kind  of  secondaiy  layers  are  sometimes  accumu- 
lated at  one  side  (fig.  484),  or  in  the  angles  of  cells  (fig.  485)  :  thus 
they  are  much  thicker  on  the  side  of  epidermal  cells  next  the  air ; 
and  they  fill  up  the  angles  of  the  cells  of  the  fleshy  endosperm  of 
many  seeds,  the  cells  of  the  collenchyma  found  beneath  the  rind  of 
Chenopodiaceas,  and  the  cells  of  the  leaves  of  Nymplicea,  of  some 
Jungerrnanniaceae,  &c.  There  is  reason  to  believe  that,  in  some 
instances,  the  cell-wall  thickens  at  certain  seasons  and  becomes 
thinner  at  others ;  but  this  appearance  may  arise  from  an  alternately 
swollen  and  contracted  state,  and  not  from  absorption  and  re- 
deposition. 

These  will  be  spoken  of  again  under  the  heads  of  epidermis  and  inter- 
cellular substance. 

584.  The  deposits  leaving  spots  of  the  primary  membrane  bare 
form  what  arc  called  pitted,  or,  less  properly,  porous  cells.  They 
occur  on  the  walls  of  most  cells  of  the  parenchymatous  structures  of 
the  higher  plants,  in  the  form  of  round  spots  (fig.  47G)  where  the 
still  membranous  cell-wall  is  thinner.    In  wood-cells,  in  liber-cells, 
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and  the  greatly  thickened  cells  of  fleshy  endosperms,  hard  seed-coats, 
&c.  the  application  of  a  great  number  of  secondary  layers  upon 
the  wall,  always  leaving  those  spots  bare,  converts  the  pits  into 
canals  running  out  from  the  contracted  cavity  to  the  primary  wall 
(figs.  480,  481). 

The  marks  are  really  always  ]rits  at  first,  as  may  be  seen  by  colouring 
the  cell-membrane  with  iodine.  But  in  old  wood-cells  they  appear  some- 
times to  become  holes,  by  the  absorption  of  the  primary  membrane  which 
formed  a  kind  of  diaphragm  over  the  outer  end. 

These  pitted  markings  may  be  circular,  oval,  or  elongated,  transversely 


Fig.  484. 


Fig.  482. 
Fig.  483. 

Fig.  m. 

Fig.  48o. 

Fig.  436. 


Liber-cell  of  Periwinkl  e.   Magn.  75  diam. 

ahe  iines  -  *•  oppo- 

100  diam    n  °f  eP'd<irmi8  °f  Vi>eUm  ulb"m< with  m«"y  tokening  layers.  Magn 

^rVS loo  d^  °f  thu  *clM°  of  lowing  the  laminated 

Fragment  of  a  pitted  duct  of  Zawnu  Suutfn,.   Magn.  230  diam.  . 
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or  more  or  less  obliquely,  so  as  to  approach  to  the  appearance  of  slits. 
Sometimes  the  later  secondary  deposits  do  not  extend  quite  to  the  edge 
of  the  aperture  in  the  earlier  layers,  and  the  successive  layers  may  so 
retreat  from  this  edge  that  the  canal  becomes  at  length  funnel-shaped ; 
in  this  case  the  pit,  when  seen  in  front,  presents  a  double  outline,  one 
corresponding  to  the  outer  end,  the  other  to  the  inner  and  wider  end 
(fig.  486).    _  ^ 

This  condition  may  be  further  complicated  by  the  existence  of  a  len- 
ticular depression  between  the  contiguous  outside  walls  of  pitted  cells,  as 
in  Coniferae  (fig.  487).  The  outline  of  this  depression  gives  the  appear- 
ance of  a  circle  surrounding  the  central  pit.  Schacht,  however,  asserts 
that  the  pit  is  a  real  perforation,  and,  further,  that  in  the  very  young 
condition  the  lenticular  cavity  between  two  adjacent  cells  is  divided  into 


Fig.  487. 


B. 


Fig.  4S7.  Fits  or  "  Glands"  of  Conifene. 
A.  Part  of  a  wood-cell  of  Ginkgo  biloba,  in  vertical  section.    Magn.  500  diara.    B.  Tr|m8verse 
section  of  a  wood-cell  of  Pinus  Pinea :  u,  a  bordered  pit,  or  "  gland.     Magn.  1000  dmm. 
C.  Fragment  of  tbe  wall  of  a  wood-cell  of  Ph,us  Fmea ,  with  a  bordered  pit  or  gland, 
o,  the  !>it ;  b,  the  large  ring,  caused  by  the  lenticular  interspace  («).    Magn.  1000  diam. 

two  compartments  bv  a  thin  longitudinal  partition,  which  is  the  primary 
deposit  of  the  two  cells.  The  lenticular  cavity  is  formed  by  the  resorption 
of  this  deposit,  and  a  communication  established  between  the  two  adjacent 
cells.  These  areolated  pits  (or  macule,  as  Schacht  calls  them)  are  not,  as 
was  once  supposed,  confined  to  the  Conifers ;  but  they  are  universally 
found  throughout  that  group  with  a  regularity  ol  disposition  and  constancy 
of  occurrence  not  known  elsewhere, 

585.  A  further  complication  of  the  pitted  structure  has,  moreover, 
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been  described  by  Von  Mobl  as  occurring  in  the  vasa  propria  of  the 
vascular  bundles  of  Monocotyledons,  and  in  the  thin-walled  cells, 
layers  of  which  alternate  with  the  long  woody  fibres  in  the  liber  of 
Dicotyledons.  In  these  cells,  which  that  author  calls  "latticed."  or 
"  clathrate  "  cells,  the  membrane  which  forms  the  diaphragm  closing 
large  pits  is  marked  with  an  excessively  delicate  network,  apparently 
formed  of  fibres  applied  upon  the  primary  membrane.  This  occurs 
not  only  in  the  pits  of  the  side-walls,  but  in  those  which  are  found 
on  the  septa  between  cells  standing  one  above  another. 

This  discovery  is  of  much  interest,  and  is  likely  to  draw  more  attention 
to  the  liber-structures,  which  have  been  neglected  hy  anatomists,  but 
which  may  possibly  take  an  important  share  in  the  distribution  of  the 
elaborated  sap. 

586.  The  "fibrous"  secondary  layers  may  present  the  form  of  a 
single  spiral  band,  running  from  one  end  of  the  cell  to  the  other, 
and  with  the  turns  of  the  spire  quite  close,  or  more  or  less  distant 
(fig.  488) ;  or  the  spiral  band  may  be  double,  triple,  or  even  consist 


Fig.  488. 
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Sg'  '  1   ne  !     ™       sporangium  of  Equiselum  arvense.    Magn.  250  diam 

i'S' '  n,   ^      5*om  H16  8P°™ngium  of  Marchantia pohmorpha.    Miien.  250  diam 

Fig.  490.  Cells  from  the  leaf  of  Saneemera  guineensis.    Magn.  400  diam. 

of  six  or  more  parallel  bands.    Very  often  these  spiral  secondary 
deposits  are  sufficiently  elastic  to  allow  of  their  being  stretched  out 
the  comparatively  thin  primary  membrane  to  which  they  adhere 
giving  way  at  the  interstices. 

In  the  cells  of  the  coat  of  the  seed  of  Collomia,  the  primary  membrane 
becomes  dunng  the  ripening  of  the  seed,  converted  into  a  substance 
which  softens  and  swells  up  in  water ;  so  that  when  this  structure  's 
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wetted,  the  spiral  fibre  springs  out,  opening  its  coils  widely  like  a  wire 
spring.  J 

587.  The  annular  thickenings  (fig.  489)  are  less  common  than 
the  spiral,  but  occur  sometimes  in  the  same  cell,  and  also  in  asso- 
ciation with  the  next  kind,  the  reticulated.  The  rings  are  generally 
at  some  little  distance  apart. 

588.  The  reticulated  secondary  layers  may  be  uniform  over  the 
wall  of  the  cell,  or  irregular  (fig.  490),  which  is  more  frequent,  since 
the  ordinary  cause  of  the  reticulated  appearance  is  the  formation  of 
vertical  connecting  bars  between  rings  or  spiral  coils,  at  the  angles 
of  the  cells ;  when  this  occurs  very  regularly,  a  ladder-like  arrange- 
ment results,  giving  what  is  called  the  scalariform  structure,  espe- 
cially frequent  in  the  vascular  structure  of  Ferns  (fig.  491). 


Fig.  491.  Fig.  492. 


Pig.  491.  Fragment  of  a  scalariform  vessel  of  a  Tree-Fern  :  a,  walls  in  contact  with  other 

Teasels;  6.  b,  walls  in  contact  with  cells.    Mogn.  200  diam. 
Fig.  492.  Wood-cells  of  Yew;  vertical  section.    Magn.  300  diam. 

The  connecting  bars  of  the  reticulated  and  scalariform  cells  must  not 
be  supposed  to  originate  after  the  rings  or  spirals ;  they  are  contempo- 
raneously developed ;  and  the  diversities  in  the  closeness  of  tbe  coils  of 
cells  are  likewise  original  peculiarities  of  tbe  deposits.  Tbe  statement 
that  the  turns  of  spiral  coils  are  opened  by  longitudinal  growth  of  tbe 
primary  membrane  to  which  they  adhere  seems  to  be  founded  on  specu- 
lative notions. 

The  spiral  structure  of  secondary  deposits  is  beautifully  seen  in  tbe 
elaters  of  Jungermannia  and  Marchautia,  in  the  cells  of  the  aerial  roots  of 
epiphytic  Orchids,  in  the  cells  of  the  wood  of  Cactacete,  and  in  the  spiral 
vessels  of  the  veins  of  tbe  leaves  and  leaf-stalks  of  Monocotyledonous 
plants,  such  as  tbe  Hyacinth,  Narcissus,  Miisa  (which  presents  as  many 
as  20  parallel  bands),  shoots  of  Elder,  leaf-stalks  of  garden  Rhubarb, 
Strawberries,  &c,  also  in  tbe  petals  of  delicately  organized  flowers.  Annu- 
lar cells  are  well  seen  in  the  sporanges  of  Marchartiia  and  other  Liverworts, 
and  in  many  of  the  structures  just  mentioned  with  spiral  and  reticulated 
cells.    The  scalariform  marking  is  most  regular  in  Ferns. 

589.  The  scalariform  thickening  approaches  very  nearly  to  the 
more  regular  forms  of  the  dotted  thickening  above  described,  so  that 
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the  spiral-fibrous  and  the  dotted  forms  appear  as  the  extremes  of  an 
analogous  kind  of  structure. 

In  many  wood-cells,  especially  in  root- structures,  the  reticulated^  or 
Bcalariform  cells  have  the  meshes  so  small  that  they  become  in  lact 
pitted  cells. 

In  some  cells  both  kinds  of  thickening  occur,  so  that  it  is  con- 
venient to  distinguish  tertiary  layers.  In  the  wood-cells  of  the 
Yew  (fig.  492),  of  the  Lime,  and  other  plants  the  secondary  layers 
are  pitted,  and  a  tertiary  deposit  subsequently  appears  in  the  form 
of  a  spiral  fibre. 

The  pits  on  the  walls  of  contiguous  cells  correspond,  and  they  do  not 
generally  occur  opposite  intercellular  spaces,  or  on  the  outside  of  epidermal 
cells;  but  exceptions  occur  to  both  these  rules,  to  the  latter  especially 
in  the  leaves  of  Ct/cas.  The  first  rule  has  much  influence  on  the  marking 
of  the  large  cells  forming  part  of  ducts,  which  are  often  in  contact  with 
several  cells,  one  above  another,  and  with  parenchyma-cells,  other  ducts, 
or  with  intercellular  spaces,  on  different  sides.  In  the  wood-cells  of 
Coniferse,  the  peculiar  bordered  pits  occur  only  on  the  sides  parallel  to 
the  medullary  rays,  not  on  the  internal  and  external  walls. 

590.  Cell-membranes,  including  the  secondary  layers,  are  composed  ^^}ff 
of  the  substance  called  cellulose,  which  is  one  of  a  class  of  organic  1 
compounds  intimately  connected  as  regards  chemical  constitution,  I 

but  presenting  remarkable  physical  differences.    Of  these  compounds  I 
the  most  important  are : — sugar  and  dextrine,  soluble  in  cold  water,  I 
and  occurring  in  solution  in  the  cell-sap ;  starch,  insoluble  in  cold,  I 
but  softening  and  swelling  into  a  mucilage  in  boiling  water,  and  \ 
found  in  the  form  of  granules  in  the  cell-contents  ;  and  cellulose, 
insoluble  in  cold  or  boiling  water,  alcohol  or  ether,  obstinately  re- 
sisting the  action  of  alkaline  solutions,  but  soluble  in  strong  sulphuric 
acid,  and  forming  the  permanent  solid  parts  of  vegetable  structure. 

591.  Cell-membranes,  composed  of 
pure  cellulose  originally,  undergo 
changes  at  subsequent  periods  which 
alter,  in  a  marked  manner,  their  beha- 
viour towards  chemical  reagents ;  and  it 
is  not  at  present  certainly  ascertained 
what  is  the  real  cause  of  the  series  of 
modifications  which  they  present.  If 
we  compare  the  membrane  of  a  nascent 
cell,  of  thick-walled  parenchyma,  the 
solid  and  often  dark-coloured  walls  of 
the  cells  of  old  heart-wood,  of  liber- 
cells,  the  very  resistant  membranes  of 
corky  tissues,  and  the  layers  of  gela- 
tinous or  cartilaginous  consistence  so 
abundantly  developed  in  the  larger 


Wall  of  the  cells  of  the  liber  of  Cocos- 
a,  primary  membrane;  A,  oldest 
secondary  layers;  c,  more  recent 
secondary  layers  ;  the  layers 
marked  b  are  strongly  iuerusted 
Magn.  000  diam. 
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AlgOB,  we  meet  with  extremely  different  characteristics,  for  the  ex- 
planation  of  which  different  views  are  entertained.  On  the  one  hand 
it  is  said  that  the  cellulose  produced  in  the  formation  of  the  original 
membrane  or  layer  of  thickening  becomes  gradually  converted  into 
different  but  related  chemical  compounds ;  on  the  other,  that  the 
cellulose  layers  become  impregnated  by  foreign  substances,  gradually 
infused  into  them  from  the  fluid  contents,  such  substances  being 
distinguished  by  the  name  of  incrusting  matters  (fig.  493).  A  third 
view  is  that  of  Freniy,  who  considers  that  there  are  several  kinds  or 
modifications  of  cellulose,  and,  moreover,  that  those  vegetable  struc- 
tures formerly  considered  to  be  made  np  exclusively  of  cellulose, 
.contain  matters  of  a  different  chemical  composition. 

Cellulose,  as  found  in  the  organized  condition  of  cell-membrane, 
appears  to  behave  somewhat  differently  to  chemical  reagents  according 
to  the  state  of  aggregation  of  its  particles  (that  is  to  say,  its  density)  ;  for 
nascent  cell-membranes  will  in  many  cases  assume  a  violet  or  even  a  blue 
colour  when  treated  with  a  strong  solution  of  iodine  and  washed  with 
water,  like  starch.  The  same  is  the  case  with  some  of  the  semigelatinous 
layers  of  thickening:  met  with  in  the  endosperm  or  cotyledons  of  certain 
seeds  (called  amyloid),  and,  moreover,  in  the  cell-structures  generally  which 
have  been  treated  in  the  way  described  below,  to  remove  the  so-called 
"  incrusting  matters."    But  as  a  general  rule,  cellulose  does  not  take  a 

!blue  colour  with  aqueous  solution  of  iodine,  unless  some  other  agent, 
especially  sulphuric  acid,  is  applied  at  the  same  time.  A  solution  of 
iodine  in  chloride  of  zinc  brings  out  a  blue  colour  in  fully  developed 
cell-membranes,  still  more  readily  than  the  sulphuric  acid  with  iodine. 
These  reagents  readily  affect  newly  formed  tissues  in  general ;  and  the 
more  delicate  kinds  of  cellular  tissues  are  permanently  sensitive  to  them. 
But  after  a  time  the  thicker  cell-membranes,  and  especially  those  of  woody 
tissues,  the  cartilaginous  structures,  and  the  tissue  of  epidermis  and  bark, 
no  longer  become  blue,  but  only  yellow  or  brown  with  the  above  reagents ; 
and  it  is  the  real  cause  of  this  alteration  which  is  the  subject  of  the  dif- 
ference of  opinion  above  referred  to. 

By  maceration  for  several  hours,  or  boiling  for  a  minute  or  two,  in  nitric 
acid  for  woody  andl  cartilaginous  tissues,  in  strong  solution  of  potash  for 
epidermal  and  corky  tissues,  bringing;  the  cells  to  a  point  where  they  still 
exhibit  all  their  structure,  but  are  bleached  and  softened,  then  washing 
them  with  water  and  applying  iodine,  a  blue  colour  is  produced  like 
that  appearing  in  nascent  cellulose,  or  in  tolerably  new  tissues  under  the 
influence  of  sulphuric  acid. 

It  remains  to  be  ascertained  whether  these  processes  alter  the  com- 
position of  the  cell-membranes,  or  merely  remove  infiltrated  matters  of 
nitrogenous  composition.  The  latter  view  is  supported  by  the  fact 
that,  in  imperfectly  prepared  objects,  some  of  the  more  resisting  layers 
appear  green,  which  would  seem  to  result  from  an  optical  combina- 
tion of 'the  blue  of  the  cellulose  with  the  yellow  of  an  infiltrated 
matter.  At  the  same  time  it  must  be  noticed  that  the  cellulose  is 
brought  into  a  condition  approaching  that  of  starch,  only  normal  in 
nascent  membranes  and  in  the  semisolid  deposits  of  "amyloid  above 
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mentioned.  Fremy,  as  above  stated,  considers  that  there  are  other  sub- 
stances besides  cellulose  entering  into  the  composition  of  vegetable  cell- 
walls.  True  cellulose  forms  the  cell-wall  of  the  cellular  tissue  ol  barJr, 
fruits,  roots,  &c.  and  is  soluble  in  ammoniacal  oxide  of  copper.  1  ara- 
celhdose  is  found  in  the  cells  of  the  pith,  the  epidermis,  the  medullary  rays, 
&c. ;  it  is  soluble  in  the  copper  solution,  but  only  after  special  treatment. 
Fibrose  is  the  constituent  of  the  wood-cells,  and  is  insoluble  in  the  copper 
solution,  except  after  special  treatment,  but  soluble  in  strong  sulphuric 
acid.  Vasculose,  the  substance  of  which  vessels  are  formed,  is  insoluble 
in  hydrochloric  and  sulphuric  acids  and  in  the  copper  solutions,  but  soluble 
in  boiling  caustic  potash. 

592.  Cell-membrane  in  most  cases  contains  a  certain  amount  of 
inorganic  matter  ;  but  this  is  probably  attributable  in  general  to  its 
being  saturated  with  the  watery  cell-sap,  in  which  various  salts 
exist  in  solution.  In  particular  cases,  however,  there  is  a  special 
deposition  of  inorgauic  substance  iu  the  walls  of  cells — as,  for  in- 
stance, in  the  Grasses  and  the  Equisetaceae,  and  the  Cane-Palm* 
{Calamus),  where  the  epidermal  structures  are  so  loaded  with  silex 
that  they  not  only  acquire  a  hard  texture,  rendering  them  harsh  to 
the  touch,  hut,  when  the  organic  matter  is  destroyed  by  burning, 
a  complete  skeleton  of  the  tissue  remains,  entirely  formed  of 
silex.  The  siliceous  coats  of  the  Diatomece  afford  another  striking 
example. 

It  is  not  yet  clearly  made  out  whether  the  silex  is  here  deposited  in  a 
layer  upon  the  cell- membrane,  or  interpenetrates  its  substance  ;  but  the 
latter  is  probably  the  real  state  of  the  case.  The  pericarp  of  some  plants, 
as  Lithospermum,  contains  lime,  in  what  form  it  is  not  certain  ;  but  the 
carbonate  of  lime  incrusting  the  cells  of  many  species  of  Chora  is  clearly 
a  mechanical  deposit  upon  the  outside  of  the  membrane. 

593.  The  membranous  wall  of  the  vegetable  cell  is  ordinarily  a 
permanent  structure  :  forming  the  "  skeleton  "  of  plants,  it  usually 
remains  entire  until  the  decay  or  destruction  of  the  organism  in 
which  it  exists.  But  we  have  already  mentioned  that  it  becomes 
absorbed  or  dissolved,  ultimately,  at  particular  points,  as  at  the  con- 
tiguous end-surfaces  of  those  cells  which  become  fused  together  to 
form  vessels  or  ducts ;  and  in  the  case  of  the  layer  closing  the  outer 
ends  of  the  canals  of  the  pits  or  wood-cells,  a  similar  destruction 
of  the  primary  membrane  seems  to  occur.  A  phenomenon  of 
this  kind  is  distinctly  presented  in  the  large  spiral-fibrous  cells  of 
Sphagnum  (fig.  494),  where  the  walls  of  old  cells  are  found  perfo- 
rated by  large  round  orifices,  produced  by  the  separation  of  circular 
pieces  of  the  cell-wall,  and  in  the  cells  of  the  leaves  of  Leucobryum 
glaucum  (fig.  495).  In  the  cells  of  the  Confcrvoids  producing  zoo- 
spores, the  wall  breaks  open  at  definite  places  to  allow  these  to 
escape,  exhibiting  small  lateral  or  terminal  orifices  in  Conferva 
(fig.  465,  c,  d)  (fee,  or  breaking  quite  across  by  a  circular  slit  in  OSdo- 
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ffoniwm.  In  this  last  genus  tho  cell-wall  breaks  across  in  the  same 
way  in  cell-division,  to  allow  the  new  cells  to  expand  ;  and  in  one 
of  the  Pcdmellece  (ScJiizochlamys)  the  wall  of  the  parent  cell  splits  off 
in  segments  every  time  a  new  generation  of  cells  is  formed. 


Fig.  494. 


Fig.  494.  Cell  of  the  leaf  of  Sphagnum  cymbifolivm,  with  annular  fibres  and  orifices  in  the 

wall.    Mngn.  400  diain. 
Fig.  495.  Porous  cells  of  the  leaf  of  Lcucobryum  alaueum ;  Tertical  section.  Slagn. 

400  diam. 


In  the  formation  of  tbe  ultimately  free  cells  composing  pollen-grains 
and  the  spores  of  the  higher  Cryptogamia,  the  cells  are  liberated  from 
the  parent  cells  by  solution  of  the  wall  of  the  latter.  A  still  more 
curious  phenomenon  occurs  in  1he  process  of  conjugation,  where  two  cells 
coalesce  by  complete  union  of  their  walls.  The  last  cases  appear  related 
in  some  degree  to  the  origin  of  the  gelatinous  coats  of  the  Palme/lea  and 
other  Confervoids,  which  are  probably  produced  by  the  disintegration  of 
the  walls  of  parent  cells,  which  become  softened,  and  swell  up  as  the  new 
generations  of  cells  are  formed  in  their  interior. 

The  origin  of  cellulose  is  not  clearly  deternr'ned;  it  seems  most  probable, 
however,  that  it  is  derived  from  the  starch,  sugar,  inuline,  or  similar 
materials  contained  in  the  protoplasm  of  the  cell,  as  mentioned  in  suc- 
ceeding paragraphs. 

Contents  of  the  Cell. 

594.  The  solid  cellulose  structures  forming  the  persistent  mass  of 
vegetable  tissues  may  be  regarded  as  a  skeleton  or  framework  ;  for 
the  vital  and  chemical  phenomena  exhibited  by  plants  all  depend, 
in  the  first  instance,  upon  operations  which  have  their  scat  in  the 
interior  of  the  cells.    The  careful  investigation  of  the  cell-contents 
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is  consequently  of  primary  importance  in  the  study  of  Vegetable 
Physiology. 

The  fundamental  importance  of  the  matters  within  the  cell  is  not  only 
demonstrated  by  what  we  are  enabled  to  observe  taking  place  in  the 
interior  of  living  cells,  but,  in  certain  of  the  lower  plants,  the  vitalized 
contents  actually  emerge  from  their  confinement  in  the  shell  of  cellulose 
(as  the  so-called  zoospores),  and  exhibit  in  the  course  of  their  subsequent 
conversion  into  closed  motionless  cells  exactly  the  same  power  to  form 
new  cell-memhrane  as  takes  place  in  ordinary  cell-division. 

595.  The  contents  of  the  cell  are  partly  more  or  less  solid,  partly 
fluid.  When  substances  exist  dissolved  in  the  cell-sap,  they  are  fre- 
quently out  of  the  reach  of  microscopic  observation,  on  account  of 
the  minute  quantities  in  which  they  exist,  or  from  the  want  of 
suitable  reagents  to  ascertain  their  presence :  among  these  are  the 
vegetable  alkaloids  and  similar  products.  The  sugar,  dextrine, 
mineral  salts,  &c,  dissolved  in  the  watery  cell-sap,  do  not  readily 
admit  of  examination  in  this  way.  The  fluid  colouring-matters, 
essential  or  fixed  oils,  resins,  &c,  on  the  contrary,  are  readily  ob- 
served, on  account  of  their  distinct  physical  and  chemical  characters. 
This  is  still  more  the  case  with  mineral  or  organic  salts  which  are 
sufficiently  abundant  to  crystallize  in  the  cell. 

596.  But  by. far  the  most  important  of  the  contents  of  cells  are 
certain  organized  structures  which  are  regularly  met  with  in  the 
cell-contents,  either  universally  or,  with  certain  definite  exceptions, 
at  particular  epochs  of  the  life  of  cells.  These  are  the  protoplasm, 
with  the  primordial  utricle,  the  nucleus,  chlorophyll-corpuscles,  and 
starch- granules. 


597.  In  all  young  grow- 
ing cells  we  meet  with  a 
tough  mucilaginous  fluid, 
colourless  or  with  a  yellow 
tinge,  and  frequently  of 
more  or  less  granular  cha- 
racter, which  increases 
with  the  age  of  the  cell. 
This  substance  is  called  the 
protoplasm. 

The  primordial  utricle 
is  the  outer  film  of  the 
protoplasm,  from  which  it 
differs  only  in  its  greater 
density.  It  is  coloured 
yellow  by  iodine,  and  is 
applied  intimately  to  the 
inner  surface  of  the  cell- 


Fig.  496. 


Transverso  section  of  cell  of  Jungermannia  Ttwlori-  a 
the  Primordial  utricle  contracted  from  the  action  of 
alcohol.   Magn.  500  diain.  1 
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membrane  of  young  cells,  persisting  in  the  cells  of  tissues  which  are 
concerned  in  the  reproduction  of  cells  or  the  performance  of  the  func- 
tions of  assimilation  etc.,  but  disappearing  at  a  comparatively  early 
period  in  cells  which  acquire  fibrous  or  pitted  woody  secondary  layers. 

This  structure  is  not  always  readily  discoverable  in  fiving  cells,  on  ac- 
count of  its  close  apposition  to  the  cell-wall,  but  it  may  be  detected  by 
the  application  of  a  weak  solution  of  iodine,  which  colours  it  brown,  and 
soon  causes  it  to  contract  and  separate  from  the  cell-membrane  (fig.  496). 
The  contraction  is  disadvantageous  in  some  cases,  if  it  go  very  far,  as  the 
layer  becomes  applied  upon  the  inner  cell-contents.  The  structure  is 
very  well  seen  by  placing  portions  of  the  green  tissue  of  leaves  &c. 
(which  retain  the  primordial  utricle  after  acquiring  their  full  size),  of 
the  pulp  of  fruits,  the  leaves  of  Mosses  or  Liverworts  (fig.  490),  or  the 
filaments  of  Confervoids,  in  alcohol,  or  treating  them  with  dilute  nitric 
or  muriatic  acid.  The  primordial  utricle  then  separates  from  the  cell- 
wall  without  becoming  much  discoloured. 

598.  The  primordial  utricle,  lining  the  entire  wall  of  the  cell, 
forms  a  kind  of  sac  ;  but  it  is  not  a  membrane  in  the  same  sense  as 
the  proper  cell-wall,  since,  although  it  presents  a  certain  cohesion 
and  resistance  to  the  penetration  of  water,  it  is  not  merely  flexible, 
hut  ductile,  and  capable  of  moulding  itself  into  new  external  forms, 
the  sac,  in  cell-division,  becoming  constricted  into  two  or  more  por- 
tions without  wrinkling.  "When  the  zoospores  of  the  Algse  escape 
from  the  parent  cell,  the  primordial  utricle  forms  the  external 
houndary  of  the  structure  of  the  zoospore,  which  has  a  definite  form 
in  each  case. 

Were  it  not  for  this  definite  form  of  zoospores,  we  might  compare  the 
consistence  of  the  primordial  utricle  to  that  semifluid  condition  of  glass 
in  which  the  glass-blowers  mould  it.  This  peculiar  state  of  organized 
substance  is  exactly  parallel  to  the  substance  of  Amaba,  the  soft  part  of 
Sponges,  &c.  in  the  Animal  kingdom. 

599.  In  young  cells,  such  as  those  in  the  cambium-layer  of  stems, 
in  the  growing  parts  of  leaves,  &c,  the  protoplasm  nearly  fills  up 
the  cavity,  or  at  all  events  occupies  all  the  space  not  filled  by  the 
nucleus.  By  degrees,  as  the  cell  expands,  vacuolar  spaces  make  their 
appearance  in  the  protoplasm,  filled  with  watery  cell-sap  :  and  the 
protoplasm  is  thus  transformed  into  a  kind  of  froth,  which  is  often 
finally  displaced  so  entirely  by  the  cell-sap  that  it  forms  merely  a 
layer  applied  against  the  primordial  utricle. 

In  some  cells,  especially  of  the  lower  plants,  we  may  detect  more 
than  one  of  these  parietal  layers  of  protoplasm. 

These  changes' are  readily  traced  in  very  young  hairs,  where  they  are 
observed  without  much  disturbing  the  natural  condition  of  the  structure 
(fio-  497).  Movements  in  the  protoplasm,  rendered  evident  by  the  move- 
ment of  the  granules  floating  in  it,  occur  in  many  plants,  probably  in  all, 
and  are  attributed  by  some  to  contractility  of  the  protoplasm,  by  others  to 
alternate  tumescence  and  emptying  of  certain  portions  of  the  protoplasm. 
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GOO.  In  the  protoplasm  of  most  young  cells,  and  persistent 
through  life  in  the  parenchymatous  structures  of  some  plants,  as  ol 
the  Orchidacccc,  occurs  the  globular  or  lenticular  body  called  the  nu- 
cleus of  the  cell,  or  cytoblast  (figs.  497, n,  &  498).  This  appears  to  be  a 

Fig.  497. 


Fig.  498. 


Fig.  197.  Upper  end  of  a  young  hair  of  the  stamen  of  Tradescaniia,  showing  the  cells  in 

various  stages  of  development:  «,  n,  nuclei.    Mogn.  400  diam. 
Fig.  493.  Cell  with  a  nucleus,  from  the  stem  of  Orchis  mascula.    Magn.  400  diam. 

mass  of  substance  identical  in  its  character  with  the  substance  of  the 
protoplasm,  and  it  mostly  presents  the  appearance  of  a  central  cavity 
or  vacuole  containing  one  or  more  small  granules  called  nucleoli. 

The  nucleus  is  not  usually  found  in  Fungi  or  Lichens ;  and  many  Alga? 
are  likewise  unprovided  with  it. 

601.  The  nucleus  probably  originally  occupies  the  centre  of  all 
nascent  cells  where  it  exists,  the  interspace  between  it  and  the 
primordial  utricle  being  filled  up  by  protoplasm.  When  the  vacuolar 
displacement  of  the  latter  by  watery  cell-sap  takes  place,  the  nucleus, 
if  persistent,  is  usually  carried  to  one  side  of  the  cell,  and  comes  into 
contact  Avith  the  inner  boundary  of  the  primordial  utricle.  Some- 
times, however,  it  remains  suspended  in  the  centre  of  the  cell  by 
cords  of  tough  protoplasm,  stretched  from  a  layer  of  protoplasm  coat- 
ing the  nucleus  to  that  which  lies  upon  the  primordial  utricle.  The 
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cords  of  protoplasm  radiating  from  the  nucleus  arc  the  persistent 
■boundaries  of  the  vacuolar  spaces  of  the  "  honeycombed  "  protopla  sm. 

Tho  gradual  variolation  of  the  protoplasm  and  the  transfer  of  the  nu- 
cleus to  the  side  of  the  cell  may  be  well  seen  in  the  hairs  of  the  stamens 
of  Tradesccnitia  (fig.  497).  In  Spirogyra  and  Zygnema  the  nucleus  re- 
mains always  suspended  in  the  middle  of  the  cell  by  the  protoplasmic 
cords.  The  ultimately  parietal  nucleus  of  the  hairs  of  Tradescantia  ex- 
hibits radiating  cords,  the  protoplasm  here  being  in  process  of  absorption. 
In  VaUisneria,  and  in  (Edogonium  and  other  Confervoids,  the  nucleus 
becomes  imbedded  in  the  continuous  parietal  layer  of  protoplasm  which 
lies  upon  the  primordial  utricle.  The  nucleus  has  the  property  of  break- 
ing up  and,  as  it  were,  disappearing  for  a  time,  to  reappear  in  the  form  of 
two  or  more  new  nuclei  of  larger  size  than  the  original  nucleus.  This 
process  occurs  in  the  formation  of  the  pollen  in  the  embryo-sac  of  Phane- 
rogamous plants  &c. 

602.  In  all  parts  of  plants  which  have  a  green 
colour  we  find  the  cell  containing  in  its  cavity  struc- 
tures quite  distinct  from  the  cell-wall  and  from  the 
primordial  utricle,  in  which  the  green  colouring- 
matter  resides.  The  ordinary  form  of  these  is  that 
of  globular  or  spheroidal  corpuscles,  which  appear  iu 
greater  number  and  of  darker  green  colour  in  pro- 
portion to  the  intensity  of  solar  light  to  which  the 
tissue  may  be  exposed.  In  a  few  cases  the  green 
colouring-matter  is  found  in  the  form  of  annular  or 
spiral  bands  (Draparnaldia,  Spirogyra,  fig.  499),  or  of 
reticulated  cords  (Cladophora),  of  mucilaginous  con- 
sistence, adhering  to  the  inside  of  the  primordial 
utricle.  In  some  Conferva?  the  green  colouring-matter 
appears  diffused  through  a  portion  of  the  protoplasm 
in  the  form  of  very  minute  granules.  In  many  uni- 
cellular Algse,  in  the  gonidia  of  Lichens,  tfec.  the  green 
colouring-matter  is  uniformly  distributed  throughout 
the  cell,  and  is  not  separable  from  the  rest  of  the 
protoplasm. 

The  chlorophyll-corpuscles  are  of  soft  consistence  ; 
and  their  colour  is  extracted  by  ether,  alcohol,  and 
various  acids.  They  consist  of  protoplasmic  colour-  Co„9  of  a  fllamont 
less  substance  mixed  with  colouring-matter.  The  of  Sptroggra,  with 
formermayexist  by  itself  unmixed;  but  the  colouring-  g^^di^ 
matter  is  never  found  separate  in  nature.  They  ap- 
pear usually  solid  and  homogeneous  when  young  ;  subsequently  they 
often  contain  starch-granules  in  the  interior;  and  not  unfreqmmtly 
they  become  vacuolated  like  protoplasm  when  exposed  to  the  direct 
action  of  water. 

Fremy  states  that  the  green  colour  of  chlorophyll  is  due  to  an 
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admixture  of  two  substances,  one  yellow  and  the  other  blue,  called 
respectively  phylloxantUne  and  phyUocyanine ;  but  others  think 
that  the  blue  substance  is  a  modification  of  the  yellow,  brought  about 
by  the  agency  of  acids.  Our  chemical  knowledge  of  chlorophyll,  how- 
ever, is  at  present  incomplete.  It  is  to  be  expected  that  spectrum- 
analysis  will  ultimately  reveal  much  of  what  is  now  obscure.  The 
principal  appearances  observed  hitherto  are  the  constant  presence  of 
an  absorption-band  in  the  red  portion  of  the  spectrum.  In  concen- 
trated solutions  another  band  may  be  seen  in  the  green.  Stokes 
notes  a  similar  band  in  the  yellow.  Herapath  indicates  the  frequent 
presence  of  three  bands  in  the  red,  orange,  and  green  respectively, 
and  of  four  bands  in  the  red,  orange,  green,  and  blue  portions  respec- 
tively. These  variations  are  probably  due  to  different  colouring-sub- 
stances mixed  with  chlorophyll. 

The  chlorophyll-corpuscles  are  probably  formed  from  the  protoplasm 
of  the  cell  breaking  up  into  distinct  globular  corpuscles,  or  distributing 
itself  according  to  patterns,  as  above  indicated,  upon  the  cell -wall.  When 
newly  formed,  in  young  cells,  they  are  almost  colourless,  and  appear  in 
the  vicinity  of  the  nucleus  and  in  the  layers  or  streaks  of  protoplasm ;  and 
we  not  uni'requently  meet  with  protoplasmic  corpuscles  which  differ  from 
chlorophyll-corpuscles  only  in  the  absence  of  the  green  colour.  The 
development  of  chlorophyll  takes  place  thus : — In  the  young  cell  the  pro- 
toplasm is  colourless  and  disposed  in  a  thick  layer  around  the  inner  wall 
of  the  cell ;  in  this  appears  first  a  yellow  colouring-matter ;  and  then  the 
inner  portion  of  the  protoplasm  splits  up  into  polygonal  portions,  each  of 
which  becomes  a  grain  of  chlorophyll.  The  outer  portion  of  the  proto- 
plasm forms  the  so-called  primordial  utricle.  In  other  cases  the  proto- 
plasm accumulates  round  the  nucleus.  Vacuoles  are  formed  in  it,  and 
break  up  the  substance  of  the  protoplasm  into  granules.  In  this  latter 
case  more  uncoloured  protoplasm  is  left  after  the  formation  of  the  chloro- 
phyll than  in  the  preceding  case. 

The  destruction  or  decay  of  chlorophyll  shows  itself  first  in  the  change 
of  colour  from  green  to  yellow  or  orange,  or,  m  the  case  of  the  spores  of 
Algce,  red.  This  red  colour  is  assumed  at  the  time  when  the  spores  come 
to  rest;  when  active  vegetation  again  commences,  the  green  colour  is  re- 
stored. In  the  case  of  leaves  at  the  fall,  the  grains  of  chlorophyll  diminish, 
then  disappear  and  give  place  to  highly  refracting  granules  of  an  orange 
colour,  which  are  the  remnants  of  the  disorganized  chlorophyll,  and  to 
which  the  colour  of  leaves  in  autumn  is  due.  While  these  processes  are 
going  on,  the  starch  and  the  protoplasm  are  dissolved  and  stored  away  in 
the  permanent  tissues.  In  plants  kept  in  the  dark  Gris  noticed  that  the 
chlorophyll-grains  slowly  and  gradually  become  smaller,  lose  their  starch 
and  their  colour,  till  at  length  nothing  but  a  number  of  minute  amorphous 
gran ules_  remain.  Some  plants,  such  as  Selagin  'ella,  some  Ferns,  &c.  resist 
the  deprivation  of  light  much  more  than  others  ;  but  in  the  case  of  quickly 
growing  plants,  two  or  three  days  obscurity  suffice  to  disorganize  the  chlo- 
rophyll. 

The  protoplasm  (with  the  primordial  utricle),  the  nucleus,  and  the 
chlorophyll-granules  are  all  substances  containing  nitrogen  and  closely 
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allied  to  albumen  ;  they  are  more  or  less  coagulable  by  heat,  alcohol,  and 
acids,  and  soluble  in  caustic  potash. 

The  principal  tests  are  the  following,  though  it  musl  be  remembered 
that  their  action  is  masked  by  the  colouring-matters  of  the  cell,  and  that 
they  are  not  in  all  cases  manifested  in  living,  but  only  in  dead  cells  : — 

}  Iodine  gives  a  brown  or  yellowish  tinge  to  these  structures  ;  ammoniacal 
solution  of  carmine  tinges  them  pink.  When  treated  with  nitric  acid,  and 
subsequently  with  ammonia,  a  yellow  tint  is  formed,  indicating  the  pre- 
sence of  xantho-protein ;  when  soaked  in  a  solution  of  sulphate  of  copper 
and  afterwords  treated  with  potash,  a  violet  colour  is  produced  in  the 

\  protoplasm  and  chlorophyll ;  but  this  has  not  been  observed  in  the  case  of 
the  nucleus.  It  must  be  remembered  that  the  solubility  of  protoplasm  in 
acids  and  alkalies  depends  not  only  on  the  strength  of  the  solvent,  but 
also  on  the  condition  of  the  substance  at  the  time  of  the  experiment. 

603.  Another  still  more  common  organized  structure  found  in  the 
cell-contents  is  the  starch-granule,  which  appears  to  occur  through- 
out every  class  of  plants  except  the  Fungi. 

Starch-granules  are  perhaps  most  frequently  of  globular  form  when 
young  ;  but  when  they  acquire  any  considerable  size  their  form  usu- 
ally diverges  from  this,  and  presents  very  remarkable  varieties,  often 
attributable  to  the  conditions  in  which  they  grow.  Full-grown 
starch-granules  are  not  homogeneous,  but  marked  with  striae  indi- 
cating the  concentric  laminas  of  which  they  are  composed.  These 
lamina?  are  alternately  of  denser  and  softer  consistence,  and  surround 
a  commonly  more  or  less  excentric  point,  usually  of  very  small  size 
(fig.  500),  which  often  appears  solid  when  the  starch-granule  is 
fresh,  but  forms  a  minute  cavity,  frequently  running  out  into  a  few 
radiating  cracks,  when  the  starch-granules  are  dry. 

The  granules  occur  either  singly  or  collected  in  masses  of  definite 
shape,  forming  compound  granules  (fig.  501)  ;  very  often  they  exist 
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Pig.  S00.  Starch-granule  of  Potato.    Magn.  400  <liam.  *  -—.--J 

Fig.  501.  Compound  Starch-granules:  a,  a  double  granule  from  the  Pots  to.  ft,  grouped 
S  granules  and  two  fragments,  from  the  Aizome  of  Arum  maotlWttm.  Magn. 

■100  diam. 

in  the  interior  of  chlorophyll-corpusclos  or  bands,  or  imbedded  in 
the  protoplasm  lining  the  cell-wall.    In  certain  tissues  they  fall  the 
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cavity  of  the  full-grown  cell,  and  in  some  cases  so  densely  that  they 
become  moulded  into  polygonal  forms  by  mutual  pressure. 

Starch- granules  are  commonly  unaffected  by  cold  water ;  but  when 
crushed,  the  inner  layers  will  sometimes  absorb  it  and  swell  up. 
Boiling  water  causes  them  to  swell  up  into  a  jelly,  losing  all  trace 
of  their  laminated  structure— as  do  also  diluted  sulphuric  acid  and 
solution  of  potash. 

Iodine  colours  starch-granules  violet,  indigo-blue,  or  deep  black- 
ish blue,  in  proportion  to  tbe  degree  of  concentration  in  which  it  is 
employed.  By  means  of  dilute  sulphuric  acid,  starch  may  he  con- 
verted into  dextrine  and  glucose.  Modern  researches  have  shown 
that  starch  consists  of  two  substances  intimately  combined,  one  of 
which,  granulose,  is  more  soluble  in  saliva  than  the  other,  cellulose  ; 
and  the  action  of  iodine  is  also  different  in  the  two  cases. 

Great  discussion  lias  taken  place  at  different  times  of  late  years  both  ns  to 
the  structure  and  the  mode  of  development  of  starch-granules.  There  is  no 
question  that  they  are  formed  of  a  number  of  concentric  larninse,  which  in- 
crease in  density  from  within  outwards.  Their  substance  is  hardly  distin- 
guishable from  that  condition  of  cellulose  where  the  cell-membrane  swells 
into  a  gelatinous  substance  with  dilute  sulphuric  acid,  or  even  sometimes 
with  water,  and  takes  a  more  or  less  decided  blue  colour  with  iodine  alone. 
With  regard  to  their  mode  of  development,  they  appear  to  be  formed 
by  the  deposition  of  successive  layers  of  starch-substance,  by  protoplasm, 
in  the  interior  of  vacuolar  cavities  formed  on  the  protoplasmic  matter  of 
the  cell,  either  while  this  exists  as  a  colourless  mucilaginous  matter,  or 
after  it  has  become  more  highly  organized  into  chlorophyll-corpuscles. 
Starch-granules,  in  tact,  appear  to  be  formed  by  secretion  on  the  inside  of 
a  utricle  of  protoplasm,  exactly  in  the  same  way  as  the  cellulose  wall  of 
the  cell  is  secreted  on  the  outside  of  the  primordial  utricle. 

Fig.  502.  Fig.  503. 


Fig.  502.  Part  of  a  cell  of  the  stem  of  the  White  Lily:  n,  nucleus,  surrounded  hy  protoplasm 
in  which  Btarch-granules  (a)  arc  being  developed.    Mogu.  400  diam. 

Fig.  503.  Starch  of  Maize :  n,  section  of  a  young  cell  of  the  seed,  with  nascent  starch-granules 
imbedded  in  protoplasm;  b,  section  of  a  full-grown  cell  with  the  starch-granules 
in  contact  and  become  angular  by  mutual  pressure.    Magn.  200  diam. 

This  mode  of  development  is  well  illustrated  in  the  formation  of 
starch-granules  in  the  cords  of  protoplasm  which  have  ceased  to  circu- 
late, in  many  herbaceous  Monocotyledonous  stems,  as  that  of  the  White 
Lily  (fie.  502),  &c.,— by  the  appearance  of  single  or  several  starch-granules 
in  old  chlorophyll-corpuscles,  or  in  the  substance  of  the  bands  of  Spiro- 
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gyra  (fig.  499),  kc.  Still  more  strikingly  is  it  shown  in  the  development 
of  the  starch-granules  which  ultimately  densely  fill  the  outer  cells  of  the 
endosperm  of  Maize,  where  they  are  at  first  "free  from  each  other,  im- 
bedded in  a  collection  of  protoplasm  filling  the  cell  (fig.  503,  a),  and,  as 
they  expand,  come  into  contact  and  almost  displace  all  the  protoplasm, 
which  remains  only  as  a  reticulation  of  slender  threads  (fig.  503,  b).  A 
similar  reticulation  of  protoplasm-threads  remains  on  the  walls  of  the 
cells  of  the  Potato-tuber  after  its  starch-granules  are  formed. 

The  origin  of  the  compound  granules,  in  pairs,  fours,  or  very  many 
compacted  together  into  a  mass,  moulded  together  by  mutual  pressure  on 
their  contiguous  surfaces,  is  readily  explicable,  since  we  often  find  several 
isolated  uascent  granules  in  one  chlorophyll-  or  protoplasm-corpuscle  :  as 
the  granules  increase  in  size  they  come  into  contact,  but  remain  bound 
together  by  the  mass  of  protoplasm  in  which  they  lie.  Such  granules 
(found  in  the  corms  of  Crocus  and  Arum  (fig.  501,  b),  in  the  Oat,  and  more 
or  less  abundantly  in  many  other  Monocotyledonous  plants)  are  mostly 
simply  coherent,  so  that  they  may  be  separated  by  slight  pressure.  But 
it  is  not  uncommon  to  find  twin  granules  enclosed  by  external  layers 
common  to  both  (fig.  501,  a). 

604.  Starch  is  a  temporary  structure  of  the  cell-contents ;  it  is 
accumulated  during  active  vegetation,  and  is  abundantly  deposited  in 
the  tissues  of  many  organs  which  remain  at  rest  during  certain 
seasons.  In  the  recommencement  of  growth  it  is  dissolved,  in  con- 
sequence of  the  formation  of  diastase  (which  converts  the  insoluble 
starch  into  soluble  dextrine),  and  the  assimilated  substance  is  applied 
to  the  formation  of  permanent  structure. 

Starch-grains  are  almost  universally  present  in  chlorophyll,  from  which, 
indeed,  they  are  formed.  This  opinion  differs  from  that  of  Mohl,  but  is 
supported  by  the  discoveries  of  Sachs  and  Gris,  the  former  of  whom 
shows  conclusively  that  the  starch  is  developed  from  the  chlorophyll  under 
the  influence  of  light :  if  light  be  excluded,  no  starch  is  formed,  what  is 
already  formed  disappears,  and  is  again  formed  when  the  chlorophyll  is 
once  more  subjected  to  the  influence  of  light.  Without  chlorophyll  no 
starch  is  formed ;  it  may,  however,  be  stored  up  in  cells  containing  no 
chlorophyll,  but  is  brought  there  from  the  cells  in  which  it  is  formed. 

Starch-grains  are  disintegrated  or  dissolved  when  growth  is  about  to  take 
place,  in  two  ways— either  locally  (when  the  grains  present  a  worm-eaten 
appearance),  or  uniformly  over  the  whole  surface. 

605.  In  certain  plants  starch-granules  are  absent  in  those  situ- 
ations where  they  are  generally  abundant,  being  replaced  by  a  sub- 
stance of  analogous  composition,  called  inuline.  This  has  beep 
found  especially  in  the  roots  aud  tubers  of  the  Compositai.  It  is 
not  clear  whether  it  occurs  dissolved  in  the  cell-sap  or  in  granules 
mixed  with  the  protoplasm.  As  it  has  no  special  reactions  giving 
distinct  colour,  like  starch,  it  cannot  be  detected  except  by  chemical 
analysis. 

606.  Ahurone  exists  in  the  form  of  roundish  colourless  granules 
pitted  on  the  surface  or  even  presenting  facets  like  those  of  crystals. 
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The  granules  are  for  the  most  part  about  equal  in  size ;  but  here  and 
there  occurs  one  much  larger  than  the  rest  and  which  is  remarkable 
for  the  rapidity  with  which  it  dissolves  in  water;  hence  it  escapes 
observation  under  the  microscope  when  the  tissues  are  examined,  as 
they  usually  are.  in  water.  Aleurone  is  insoluble  in  oil,  alcohol,  and 
ether  ;  hence  it  is  found  in  practice  better  to  immerse  the  prepara- 
tion in  a  drop  of  oil,  in  01  der  to  see  the  aleurone.  Aleurone  is 
coloured  brown  by  iodine  ;  and  the  inner  portions  of  the  grain  assume 
a  brick-red  colour  after  soaking  for  some  minutes  in  a  solution  of 
nitrate  of  mercury :  hence  it  is  considered  to  be  albuminoid  in  cha- 
racter ;  but  the  nature,  mode  of  formation,  and  chemical  history  of 
this  substance  all  stand  in  need  of  further  investigation. 

607.  The  fixed  oils,  which  occur  abundantly  in  many  seeds  and 
fruits,  are  easily  distinguished  in  the  cell-contents  on  account  of 
their  forming  isolated  globules,  merely  suspended  in  the  watery  cell- 
sap,  which  strongly  refract  light,  and  can  be  made  to  run  together 
into  large  globules  by  pressure  and  by  the  application  of  ether. 

The  oil-globules  occur  mostly  in  organs  prepared  for  a  season  of  rest, 
as  in  the  endosperm  (Oocoa-uut)  or  cotyledons  (Almond)  of  seeds,  or  in 
the  pericarp  (Olive)  of  the  higher  plants — also  sometimes  in  tubers,  as  in 
those  of  Cyperus  escalentus.  Among  the  lower  plants  oil  is  especially 
abundant  in  the  resting-spores  of  the  Algre,  taking  the  place  of  the  starch- 
granules  existing  during  active  vegetation. 

608.  Sugar,  dextrine,  gum,  and  similar  substances  dissolved  in 
the  watery  cell-sap  are  not  capable  of  detection  by  the  microscope, 
since  the  quantities  in  which  they  exist  are  too  small  to  alter  suf- 
ficiently the  refractive  power  of  the  liquids ;  and  we  have  no  colour- 
test  for  them. 

The  gummy  matters  of  plants  (which  swell  up  in  cold  water  and  form 
a  slimy  mass)  are  in  many  cases  parts  of  the  cellulose  tissues  themselves, 
as  is  the  case  in  the  seed-coat  of  Linseed,  the  Quince,  &c.  and  the  gum 
of  Tragacanth,  which  latter  consists  of  the  collenchymatous  tissue  into 
which  the  pith  and  medullary  rays  of  the  stem  are  gradually  converted. 
They  result  from  the  abundant  deposition  of  secondary  layers  in  that 
state  of  the  "  cellulose  "  compound  which  is  intermediate  between  cell- 
membrane  and  dextrine,  just  as  the  "  amyloid  "  of  the  secondary  layers  of 
the  cells  of  some  Lichens  is  an  intermediate  condition  between  cellulose 
and  starch.  Bassoine  and  arabine  are  formed  in  a  similar  manner,  from 
the  disorganization  of  the  cellulose  matters  ;  hence  these  materials  are  to 
be  looked  on  as  excrementitious. 

609.  The  blight  colours  of  the  parts  of  flowers  are  produced  by 
substances  usually  dissolved  in  the  watery  cell-sap  ;  sometimes,  how- 
ever, solid  corpuscles  or  utricular  structures  are  found  swimming  in 
coloured  cell-sap. 

In  young  tissues  of  flowers  the  colouring-matter  may  be  observed  to  be 
tormed  gradually  in  the  vacuoles  of  the  protoplasm,  and,  as  the  cells  ex- 
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panel,  increasing  in  quantity  until  the  separate  portions  coalesce  and  fill 
tho  whole  cavity  of  the  cell.  This  is  well  seen  in  the  coloured  hairs  of 
the  stamens  of  Tradescantia. 

The  colouring-matters  of  flowers  admit  of  being  grouped  in  two  series, 
the  cyanic  series  and  the  xanthic  series,  with  green  as  an  intermediate 
colour  :  thus,  starting  with  greenish  blue,  the  cyanic  series  passes  through 
blue,  blue-violet,  violet,  violet-red  to  red ;  the  xanthic  series,  on  the  other 
hand,  passes  from  green  to  greenish  yellow,  yellow,  orange-yellow,  orange, 
orange-red  to  red.  The  cyanic  colours  are  usually  in  solution  ;  the  xanthic 
colours  are  usually  solid.  It  very  rarely  happens  that  the  colours  of  the  two 
series  are  met  with  in  the  same  flower ;  hence,  though  Dahlias  and  Roses  of 
almost  all  hues  are  now  to  be  seen,  a  true  blue  tint  has  never  been  seen 
in  either ;  and  there  are  numerous  illustrations  of  this  fact  in  gardens.  The 
various  tints  of  colour  are  produced  either  by  the  interposition  of  colour- 
less cells  between  those  containing  coloured  juices  or  by  the  superposition 
of  cells  with  different  colouring-matter  one  over  the  other.  Thus  an 
orange  tint  would  arise  from  the  superposition  of  yellow  cells  over  red, 
and  so  forth.  White  is  produced  either  by  a  very  dilute  coloured  solution 
or  by  the  presence  of  air  in  comparatively  large  quantities  in  the  tissues. 
The  velvety  appearance  of  the  petals  of  many  flowers  is  due  to  the  fact 
that  the  epidermal  cells  are  raised  in  the  form  of  small  conical  elevations 
like  the  pile  of  velvet,  and  the  play  of  light  thereon  gives  rise  to  the 
appearance  above  mentioned. 

610.  Essential  oils  are  readily  distinguishable  when  they  exist  in 
quantity  suspended  in  the  cell-sap,  or  entirely  filling  the  cell ;  some- 
times, however,  they  exist  in  such  small  proportions  as  to  he  un- 
distinguishable,  as  is  the  case  in  many  scented  petals. 

The  essential  oils  are  developed,  like  the  fluid  colouring-matters,  in 
vacuoles  of  the  protoplasm,  resolved  in  time 
into  one  large  cell-cavity  bounded  by  the 
layer  of  the  protoplasm  lining  the  primordial 
utricle.  The  oily  inatters,caoutchouc,resius, 
&c.  are  usually  found  in  compound  cellular 
organs,  glands,  ducts,  &c.,  to  be  mentioned 
presently,  under  the  head  of  Tissues. 

611.  The  watery  fluids  traversing  the 
tissues  of  growing  plants,  in  consequence 
of  the  evaporation  from  the  leaves  and 
the  continual  absorption  by  the  roots, 
necessarily  contain  various  inorganic 
salts  dissolved  in  them.  Moreover  cer- 
tain organic  acids,  such  as  oxalic,  malic, 
tartaric,  &c,  are  always  formed  in  the 
processes  of  vegetable  digestion.  All 
these  substances  and  their  compounds 
are,  for  the  most  part,  dissolved  in  the 
cell-sap;  but  in  most  of  the  higher 
plants  we  find,  in  certain  cells  of  the  parenchymatous  tissues,  crystals 
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Adonlar  crystals  (rrtfiliides)  in  ft  cell 
of  Folyanthes  tuberota,  mapuflW" 
400  diam. :  a,  a  single  crystal  more 
magnified. 
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of  definite  composition,  either  scattered  or  collected  into  groups  of 
definite  form.    These  crystals  are  called  raphides  (fig.  504). 

It  is  not  clear  whether  the  raphicles  are  to  he  regarded  as  a  secretion 
or  as  an  excretion— that  is,  as  substances  useless  or  noxious  to  the  plant, 
laid  by  in  an  insoluble  form.  The  latter  seems  more  probable.  Ine 
Polvgonaceffi  (for  example,  the  Garden  Ehubarb)  form  abundance  ot 
oxalic  and  other  organic  acids,  and  they  always  contain  a  quantity  ot 
bundles  of  raphides  composed  chiefly  of  oxalate  of  lime  ;  in  old  stems  of 
Cactacea;,  the  substance  of  the  parenchyma  is  rendered  quite  gritty  to  the 
touch  by  crystals  of  oxalate  and  phosphate  of  lime ;  the  MusaceaB  contain 
crystals  of  sulphate  of  lime,  &c. 

612.  Crystals  usually  occur  free  in  the  cavity  of  the  cell ;  hut  in 
some  plants,  especially  in  the  TJrticaceaa,  we  find  them  accumulated 
on  a  clavate  process,  formed  of  cellulose,  developed  from  the  side- 
wall  of  the  cell ;  these  are  called  cystoliihes. 

These  curious  structures  are  well  seen  in  the  subepidermal  cells  of  the 
leaf  of  Ficus  elastica  and  other  species — also  va.Parieta.ria,  the  Mulberry,  &c. 

Other  important  substances,  such  as  the  vegetable  alkaloids  and  the 
great  number  of  organic  acids  usually  associated  with  them,  exist  either 
dissolved  in  the  cell-sap,  intermixed  with  the  protoplasm,  or  diffused  in 
the  solid  cell-structures  as  impregnating  or  incrusting  substances.  With 
regard  to  these,  microscopic  investigation  has  not  hitherto  afforded  any 
information. 

Sect.  3.  Combinations  of  Cells. 
The  Tissues. 

613.  The  simplest  mode  of  combination  of  cells  is  that  which  is 
met  with  in  a  large  number  of  the  Algas  of  low  organization,  where 
the  cells  are  associated  for  a  time  in  what  are  called  colonies,  the 
members  of  which  are  more  or  less  completely  independent  of  each 
other  in  physiological  respects,  hut  morphologically  represent  parts 
of  a  determinate  whole ;  while  ultimately  they  separate,  each  to  lay 
the  foundation  of  a  new  colony. 

Examples  of  this  may  be  seen  in  the  grouped  Desmidiece,  like  Pedias- 
trvrn  (fig.  462,  B,  a) ,  the'  Diatomece  &c,  and  in  the  Palmelleee ;  to  this  head 
is  also  referable  the  structure  of  some  of  the  filamentous  Confervoids, 
Volvocinese  (fig.  462,  d),  and  Eydrodictyon. 

These  groups  of  cells  are  either  held  together  hy  simple  attachment  at 
certain  points  of  their  surfaces,  as  in  the  Desmidiece,  Eydrodictyon 
Diatoma  (fig.  462,  b,  c),  &c,  or  hy  then-  being  enclosed  in  a  gelatinous 
common  envelope  (resulting  from  the  expansion  or  the  decay  of  parent- 
cell  membranes),  as  in  the  Vokocinece,  Palmelleee,  and  Nostochinece. 

614.  Tissues  properly  so  called  consist  of  collections  of  cells  of 
uniform  character  permanently  combined  together  by  more  or  less 
complete  union  of  their  outer  surfaces. 
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615.  The  tissues  are  distinguished  into  kinds  according  to  the 
form  of  the  cells,  the  character  of  the  cell-memhrane,  and  the 
manner  in  which  the  cells  are  connected  together. 

Where  the  cells  are  roundish  or  elliptical,  the  tissue  is  called 
parenchyma  ;  and  this  is  called  imperfect  or  perfect  accordingly  as  the 
constituent  cells  have  interspaces  between  them  or  are  closely  packed 
so  as  to  leave  no  intercellular  spaces.  Where  the  cells  are  much 
elongated,  the  tissue  is  called  prosenchyma,  and  the  constituent  cells 
are  known  as  fibres.  Cartilaginous  tissue  is  known  as  collenchyma ; 
and  two  other  kinds  are  characterized  by  peculiar  modes  of  combina- 
tion of  the  cells,  viz.  felted  tissue  (tela  contexta)  and  vascular  tissue. 

The  milk-vessels  (cinenchyma)  appear  to  be  formed  out  of  intercellular 
passages,  and  not  by  fusion  of  cells,  like  the  spiroid  vessels :  hence  they 
do  not  constitute  a  true  cellular  tissue ;  otherwise  they  would  come  under 
the  head  of  vascular  tissues. 

616.  Imperfect  parenchyma  (merencliyma)  is  composed  of  cells 
with  more  or  less  rounded  surfaces  connected  into  a  lax  tissue, 
necessarily  presenting  abundant  intercellular  passages  and  spaces. 
The  cells  are  tolerably  uniform  globular  or  oval  (a),  or  lobed,  and 
connected  at  few  points,  leaving  wide  intercellular  passages  between 
them  (b) ;  in  other  cases  the  cells  are  more  or  less  stellate,  and 
leave  large  spaces  between  them  (c). 

The  form  a  is  common  in  all  young  organs  of  the  higher  plants,  espe- 
cially in  the  rind  and  the  pith  (fig.  470),  in  the  pulp  of  fruits,  &c. ;  b 
is  very  characteristic  of  the  lower  stratum  of  the  internal  substance  of 
leaves  (fig.  472 ) ;  c  occurs  in  the  stems  and  leaf-stalks  of  aquatic  plants, 
in  the  pith  of  Rushes  (fig.  474),  &c. 

617.  Perfect  parenchyma  is  composed  of  cells  bounded  and  united 
together  by  plane  surfaces ;  where  the  cells  are  regular  polyhedra, 
of  about  equal  size,  the  tissue  is  (a)  regular  parenchyma  ;  if  the  size 
is  unequal  and  the  forms  unlike,  the  tissue  hecomcs  (b)  irregular 
parenchyma.  Certain  modifications  of  regular  parenchyma  have 
received  distinct  names,  viz. : — (c)  prismatic  parenchyma,  where  the 
cells  are  6-sided  prisms  with  pyramidal  ends  ;  (cl)  muriform  paren- 
chyma, where  the  cells  are  square  or  oblong,  with  the  long  diameter 
horizontal,  and  packed  like  bricks  in  a  wall;  and  (e)  tabular  paren- 
chyma, where  the  cells  are  flattened  from  above  downwards. 

The  form  a  is  abundant  throughout  all  classes  of  plants,  and  is  well 
seen  in  fully  developed  pith  of  Dicotyledons  (fig.  476) ;  b  is  even  more 
common  in  the  soft  parts  of  plants  (tig.  477)  ;  c  is  met  with  in  the  her- 
baceous stems  of  Monocotyledons,  and  in  the  upper  port  of  the  diachyma 
of  leaves,  also  in  a  woody  condition  in  the  testa  of  various  seeds  j  d  is 
characteristic  of  cortical  structures,  and  may  be  seen  in  cork,  periderm 
of  Birch,  the  rind  of  the  rhizome  of  Tama  &c,  also  in  the  medullary 
rays  of  Dicotyledons ;  e  occurs  specially  in  the  epidermal  cells. 
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Merenchyma  and  parenchyma  in  their  various  modifications  run  into 
one  another  by  countless  intermediate  conditions. 

618.  Prosenchyma  is  composed  of  cells  elongated  greatly  in  one 
direction,  and  attenuated  to  a  more  or  less  acute  point  at  each  end, 
forming  what  is  called  a  fibre.  These  fibres  are  necessarily  united 
for  the  most  part  by  their  lateral  surfaces,  and  their  ends  are  insi- 
nuated into  the  spaces  between  those  lying  above  and  below  them. 

We  distinguish  in  prosenchyma  two  modifications — (a)  woody  fibre, 
composed  of  spindle-shaped  cells  of  moderate  length,  and  (b)  liber, 
composed  of  very  long  slender  cells  which  are  occasionally  slightly 
branched. 

Woody  fibre  is  the  main  constituent  of  the  trunks  of  Dicotyledons  ;  its 
cells  are  mostly  of  rectangular  section,  and  the  walls  become  greatly 
thickened  with  age.  Liber,  the  fibrous  substance  of  the  bark  of  Dico- 
tyledons, a  principal  constituent  in  the  fibro-vascular  bundles  of  Monoco- 
tyledons (fig.  471),  and  of  the  fibrous  husks  of  fruits,  &c,  is  composed  of 
very  long  cells,  whose  membranes  are  of  a  peculiar  toughness,  even  when 
greatly  thickened;  their  section  is  commonly  roundish  (fig.  479)  or  hexa- 
gonal." The  peculiar  tenacity  of  the  vegetable  fibres,  Flax,  Hemp,  &c, 
arises  from  the  forms  and  mode  of  union  of  the  liber-cells  of  which  they 
consist ;  the  "  grain  "  of  wood  is  likewise  determined  by  the  direction  of 
the  long  axis  of  the  prosenchymatous  cells  of  which  it  is  composed. 

Conducting  cells  are  long  cylindrical  cells,  placed  one  over  the  other, 
and  not  tapering  at  the  ends,  and  are  supposed  to  be  channels  for  the 
passage  of  the  nutrient  fluid. 

619.  Collenchyma  is  cellular  tissue  which  has  acquired  a  carti- 
laginous or  horny  texture  by  its  cells  becoming  greatly  thickened  by 
secondary  layers  of  a  substance  softening  or  swelling  up  in  water,  or 
on  the  addition  of  weak  sulphuric  acid. 

The  lamination  of  the  cell-walls  is  often  invisible  until  after  macera- 
tion ;  so  that  the  tissue  looks  like  a  mass  of  homogeneous  substance,  exca- 
vated into  cavities,  or  like  a  collection  of  cells  with  abundant  intercellular 
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Fig.  505.  Tr5[l^rB4'^e(f.tijon  of  collenchyma-oella  of  the  stem  of  Beet:  a,  thickened  cell-wall. 
Fig.  506.  Section  of  the  junction  of  four  cells  (a)  of  Bg.  505,  treated  with  hydrochlorio  acid  ■  a 
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substance.  A  solution  of  chromic  acid  also  serves  to  show  the  laminated 
structure ;  but  if  used  too  strong,  it  dissolves  the  intercellular  substance 
Tins  tissue  occurs  m  the  rind  of  many  herbaceous  plants,  as  Chenopodi- 
aceae  (figs.  505  &  ;>00),  Cucur- 
bita,  Nymphcea  (fig.  483),  and 
in  the  pith  and  medullary  rays 
of  the  species  of  Astragalus 
(forming  "  tragacanth  ") ;  and 
to  the  same  head  may  be  re- 
ferred the  substance  of  fleshy 
endosperms  (fig.  507),  and  also 
the  cartilaginous  thallus  of  the 
larger  Algae. 

620.  Tela  contexta  is  com- 
posed of  elongated  cylindri- 
cal cells  united  end  to  end 
into  filaments,  and  either 
simple  or  branched  laterally, 
interwoven  irregularly  into 
a  kind  of  felted  mass. 

This  tissue  occurs  iu  the 
thallus  of  Lichens,  forming 
the  internal  or  medullary  sub- 
stance, also  in  the  thallus  of 
some  Algse.  The  mycelium  of 
the  Fungi  is  likewise  composed  of  felted  cellular  filaments  forniino-  a  free 
cottony  mass  (fig.  468,  b  &  d). 

621.  Vascular  tissue  is  formed  by  the  fusion  of  perpendicular  rows 
of  cells ;  by  the  absorption  of  their  contiguous  walls  they  become  con- 
verted into  continuous  tubes  of  more  or  less  considerable  length. 

When  the  constituent  cells  have  spiral-fibrous  secondary  deposits, 
they  are  usually  of  prosenchymatous  form,  and  they  overlap  each 
other  so  that  the  lines  of  union  are  oblique  ;  sometimes  these  spiroid 
tubes  are  distinguished  as  vessels  from  those  formed  of  the  usually 
shorter,  mostly  wider,  and  more  or  less  flat-ended  cells  which  have 
pitted  walls,  and  which  are  called  dotted  ox  pitted  ducts. 

Another  land  of  vessels  characterized  by  thin  walls,  often  with 
the  latticed  marking  (§  585),  are  distinguished  as  vasa propria. 

The  dotted  ducts  are  connected  with  the  spiroids  through  the  scalari- 
forin  vessels,  but  in  their  extreme  forms  are  very  unlike,  and  are  found  in 
very  different  situations. 

622.  The  vessels,  like  the  cells  (§  586),  may  be  spiral,  annular, 
reticulated,  or  scalariform.  The  constituent  cells  may  be  long  or 
short ;  in  the  latter  case  the  vessels  are  sometimes  called  monilifbrm. 
The  spiral-fibrous  structure  often  remains  when  the  primary  mem- 
brane is  absorbed  at  the  surface  of  junction,  so  that  the  consti- 
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Section  of  the  cells  of  the  seed  of  Sophora  jnponicn  : 
a,  thickened  cell-walls;  b,  cavity  of  the  cells 
(bounded  by  a  double  line).    Magn.  400  diam. 
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tuent  cells  of  a  vessel  are  merely  separated  by  a  kind  of  "  grating  " 
of  bars. 

Fie.  508. 


Kg.  508.  A,  B,  C  Spiral  vessels  from  Sambucui  Ebulus.    Magn.  400  diam. 

Fig.  509. 


Fig.  510. 


Fig.  511. 


Fif'  s?n  S"^™!  °l a  veS9fil  {rom  fche  6tei»  °f  a  Gourd.   Magn  400  diam 
mf  r  n   lraem'^  of  a  spiral  vessel  of  Impatient  paroi/tora J  m n  4n,Mi„m 
Kg.  511.  Fragment  of  the  wall  of  a  reticulated  vesfel  AuboA  ?B  m£  400  diam. 
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Spiral  vessels  (fig.  508)  are  found  in  the  youngest  and  most  delicate 
parts  of  the  plants  in  which  they  occur.  They  are  the  parts  of  the  woody 
structure  first  developed  in  steins;  they  are  extensively  developed  in  the 
ribs  of  leaf-stalks  and  leaves,  and  almost  exclusively  constitute  those  of 
the  organs  of  flowers,  as  may  he  seen  in  petals.  In  stems  and  leaf-stalks, 
especially  of  fast-growing  organs,  the  constituent  cells  are  often  very 
long  and  the  course  of  the  vessels  straight ;  in  roots,  and  in  concentrated 
rhizomes  and  cornis,  &c,  the  constituent  cells  are  mostly  short  and  the 
course  of  vessels  tortuous.  The  spiral  fibre  in  the  interior  of  these  vessels 
has  heen  considered  to  be  hollow  or  tubular ;  but  this  is  not  generally 
regarded  as  correct. 

Annular  vessels  (fig.  509)  are  found  in  situations  similar  to  the  last, 
being  generally  formed  a  little  later  in  the  same  bundles.  They  are  com- 
monly of  greater  diameter  than  true  spirals.  This  is  the  commonest  form 
of  vessel  in  the  Equisetacene. 

Reticulated  vessels  (fig.  511)  are  abundantly  developed  with  the  spiral 
and  annular  kinds  in  succulent  stems,  roots,  petioles,  &c.  They  are  very- 
important  constituents  in  the  fibro-vascular  bundles  of  Monocotyledons 
generally.  They  are  mostly  of  rather  large  diameter ;  their  cells  long  in 
stem-structures,  short  and  irregularly  formed  in  roots  and  in  the  inner 
cortical  region  of  Monocotyledonous  stems,  where  a  number  of  vessels  are 
often  anastomosed  into  a  kind  of  network. 

Scalariform  vessels  (fig.  401)  are  especially  characteristic  of  the  woody 
structures  of  the  Ferns  and  Lycopodiacese,  in  which  they  sometimes  occur 
of  very  large  diameter. 

Most  vessels  are  cylindrical,  and  present  a  more  or  less  circular  section ; 
but  the  scalariform  are  prismatic,  usually  with  an  hexagonal  section. 

Vessels,  when  once  formed,  are  usually  persistent ;  hut  in  some  water- 

Slauts  the  stem  when  young  is  traversed  by  a  single  spiral  vessel,  which 
isappears  as  the  stem  grows  older,  so  that  in  the  adult  condition  the 
stem  seems  wholly  cellular  with  a  central  lacuna. 

623.  The  pitted  or  dotted  ducts  (fig.  48G)  are  characteristic  of  the 
wood  of  Dicotyledons,  where  they  occur  either  scattered  in  the  pros- 
enchyma,  or  forming  the  principal  constituent  of  the  wood. 

The  walls  of  pitted  ducts  are  not  always  uniform,  this  depending 
in  some  cases  upon  the  nature  of  the  organs  with  which  they  are  in 
contact,  whether  cells  or  other  ducts,  since  the  pits  always  corre- 
spond on  the  walls  of  adjacent  organs,  and  they  are  ordinarily  less 
numerous  and  less  regular  on  the  walls  of  prosenchymatous  cells 
than  on  those  of  ducts. 

The  pits  and  their  borders  (§  5S4)  are  very  generally  somewhat 
elongated  obliquely  ;  and  the  canal  of  the  pit  is  often  enlarged  into  a 
transverse  slit  in  the  inner  part,  which  in  some  cases  becomes  con- 
fluent with  that  of  its  neighbours.  In  some  plants  we  find  duets  with 
the  wall  marked  both  with  pits  and  a  spiral  fibre,  like  the  walls  of 
the  wood-cells  of  Taxus  (fig.  492). 

Pitted  ducts  with  uniform  walls  make  up  the  chief  mass  of  the  wood 
of  Clematis.  In  the  wood  of  Elder,  Beech,  Hazel,  Alder,  &c.  we  hud  ducts 
with  pits  numerous  on  the  waHs  adjoining  other  ducts,  but  distant  or 
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absent  on  the  walls  adjoining-  wood-cells.  In  Bombax  the  wood-cells  are 
for  the  most  part  replaced  by  parenchyma-cells,  and  the  walls  of  ducts 
adjoining  these  have  the  pits  destitute  of  the  border  &c. 

Pitted  ducts  form  tbe  large  tubes,  visible  to  the  naked  eye,  seen  in  cross 
sections  of  most  woods,  especially  Oak,  Mahogany,  &c.  They  are  absent 
from  the  wood  of  the  ConiferfB,  which  is  wholly  composed  of  simple 
wood-cells  (tig.  487). 

624.  Vasa  propria  are  elongated  cells  with  thin  walls,  and  either 
oblique  or  flat  ends  where  they  adhere  together ;  they  vary  in  dia- 
meter, like  the  spiroids,  and  present  on  their  walls  large  pits  or 
spaces,  covered  with  a  kind  of  fine  network  of  fibres,  as  in  the 
clatbrate  cells  described  in  a  former  section  (§  585). 

Cells  of  this  character  (which  differ  from  the  conducting-cells  before 
alluded  to,  in  that  the  latter  are  destitute  of  markings  or  pits)  always  occur 
in  the  middle  of  the  fibro- vascular  bundles  of  Monocotyledons;  and  theyare 
intermixed,  mostly  in  alternate  layers,  with  the  liber  in  the  fibrous  layer 
of  the  bark  of  Dicotyledons.  They  are  strikingly  distinguished  from  spi- 
roids by  containing  thick  and  opake  sap,  while  the  latter  usually  contain 
only  air  when  fully  developed. 

Uaspary  includes  under  the  head  of  conducting-cells  not  only  those 
cylindrical  tubes  before  alluded  to,  but  also  elongated  cells  having  the  form 
and  appearance  of  vessels,  except  that  they  do  not  form  continuous  tubes, 
but  are  separated  one  from  the  other  by  partitions  formed  by  tbe  adjacent 
ends  of  the  cells.    The  latioiferous  ducts  are  mentioned  elsewhere. 


The  Systems. 

625.  The  Systems  are  combinations  of  tissues,  of  like  or  different  form 
and  character,  into  elementary  structures  formed  on  definite  plans, 
and  destined  for  particular  purposes  in  the  economy  of  the  plant. 

626.  In  the  simpler  plants  there  generally  exists  no  distinction  of 
systems  ;  but  even  m  the  higher  Algge  and  Lichens  there  is  a  differ- 
ence in  the  cortical  and  medullary  portions  of  the  thallus.  In  plants 
possessing  stems  and  leaves,  the  fibro-vascular  or  wood-system  makes 
its  appearance;  and  we  may  distinguish  in  the  Phanerogamia  three 
primary  systems,  viz.  the  Cellular,  the  Fibro-vaseular,  and  Cortical 
Systems.    These  are  all  formed  of  proper  consti  tuent  cells  or  tissues. 

627.  Besides  these,  Ave  have  systems  which  are  formed  for  the  most 
part  by  the  interspaces  between  the  cells  of  the  above  tissues,  viz. 
the  Aerial  System,  consisting  of  intercellular  passages,  spaces,  or 
even  large  cavities  ;  and  the  Secretory  System,  including  the  milk- 
vessels,  reservoirs  for  secretion,  glands,  &c. 


A.  The  Cellular  System. 

628.  This  name  is  applied  to  the  cellular  tissues  forming  the  great 
mass  of  the  living  structure  of  plants.  .  In  the  Thallophytcs  it  forms 
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the  -whole  organization,  the  superficial  layer  of  the  larger  kinds  of 
thallus  not  being  a  true  cortical  layer  like  that  of  the  higher  plants. 
In  the  Mosses  and  Hepaticae  little  is  added  to  the  cellular  system 
the  fibro -vascular  system  appearing  in  a  very  simple  form  in  the 
stems,  and  the  cortical  in  the  shape  of  an  epidermis  to  the  seta.  In 
the  higher  Cryptogamia  and  the  Phanerogamia  the  cellular  system  is 
less  predominant,  except  in  the  temporary  organs.  In  the  stems 
and  roots  it  forms  the  pith  and  medullary  rays  of  Dicotyledons,  and 
the  diffused  medullary  system  of  Monocotyledons,  together  with  the 
cambial  structures  in  all  growing  regions  ;  and  it  forms  the  mass  of 
the  leaves  and  the  parts  of  the  flower.  It  is  in  this  system  that  the 
vital  processes  of  vegetation  are  chiefly  carried  on. 

B.  The  Fibro -vascular  System. 

629.  This  system  forms  all  the  woody  structures  of  plants,  which 
in  all  cases  are  composed  of  a  quantity  of  conjoined  portions  of  cellular 
and  vascular  tissue  arranged  in  a  peculiar  manner.  The  kind  of 
cellular  tissue  associated  with  the  vessels  being  mostly  prosenchyma 
or  fibrous  tissue,  the  constituent  elements  of  wood  are  called  fibro- 
vascular  bundles. 

All  woody  substance  appears  originally  in  the  condition  of  isolated 
fibro-vascular  bundles,  which,  when  they  remain  separate,  form  what 
are  commonly  called  "  fibres,"  and  when  they  combine  together  into 
a  solid  mass,  form  "  wood."  The  bundles  remain  as  "  fibres  "  in  the 
stems  of  Monocotyledons ;  they  are  in  the  same  state  in  the  earliest 
conditions  of  the  stems  of  Dicotyledons  :  and  such  "  fibres  "  form  the 
ribs  of  leaves  and  other  organs. 

630.  The  fibro-vascular  bundles  differ  in  their  modes  of  growth  in 
different  Classes  of  Plants,  which,  in  consequence  of  this,  exhibit 
considerable  difference  in  the  structure  of  their  mature  stems. 

The  simplest  form  is  absolutely  without  the  vessels,  as  we  find  it  in 
the  Mosses  and  some  of  the  simple  aquatic  Phanerogamia  (Potamo- 
geton)  composed  simply  of  cords  of  prosenchyma  traversing  the  cel- 
lular tissue. 

631.  Complete  bundles,  however,  possess  several  elements  ar- 
ranged in  definite  order;  these  belong  to  the  wood-region,  the 
cambium-region,  and  the  liber-region.  The  tuootZ-region,  which 
lies  next  the  centre  of  the  stem,  is  composed  of  short-celled  pros- 
enchyma intermingled  with  spiral  and  other  vessels  (and  i 
Dicotyledons  pitted  ducts);  the  c«w&ram-rcgion  is  composed  of 
prosenchyma  in  a  nascent  condition,  the  cells  thin-walled,  and 
retaining  their  primordial  utricles;  the  Ww-region  is  composed 
of  very  long  prosenchymatous  tissue  (usually  in  the  condition  of 
isolated  bundles  or  thin  lamina)  connected  by  cellular  tissue  in  the 
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Dicotyledons).  In  the  Monocotyledons  the  middle  of  the  cambium- 
region  is  converted  iuto  vasa 

propria  (fig.  512).  Pff-  512. 


cotyledons,  but  they  stand  in  a 
regular  ring  round  the  pith.  On  the  inside  they  present  spiral  and 
annular  vessels ;  next,  a  mass  of  prosenchymawith  dotted  ducts,  which 
passes  gradually  into  the  cambium-layer ;  the  latter  is  bounded  exter- 
nally by  liber,  among  the  bundles  of  which  arc  vasa  propria  .  These 
bundles  are  indefinite  in  their  growth.  The  lower  extremities  elon- 
gate indefinitely  in  the  root ;  the  upper  extremities  anastomose  and 
become  continuous  with  their  successors ;  and,  above  all,  the  cam- 
bium-region is  an  indefinite  focus  of  development,  forming  a  new 
layer  of  woody  substance  inside,  and  a  new  layer  of  liber  outside 
during  every  season  of  growth. 

The  peculiarities  of  the  fibro-vascular  bundles  will  be  better  under- 
stood when  we  treat  of  the  structure  of  Stems. 

The  different  mode  of  growth  of  fibro-vascular  bundles  has  given  rise  to 
a  particular  nomenclature  for  them.  The  bundles  of  Cryptogamia  de- 
veloped in  all  parts  at  once,  are  called  simultaneous  bundles;  those  of 


632.  In  the  Higher  Cryp- 
togamia the  bundles  do  not 
alter  in  their  condition  when 
once  formed,  and  they  ana- 
stomose with  those  that  suc- 
ceed them  in  successive  inter- 
nodes  of  the  stem,  so  that 
the  fibro-vascular  structure 
appears  continuous.  In  the 
Monocotyledons  the  bundles 
are  formed  by  degrees,  a  cam- 
bium-region occupying  the 
central  part  at  first ;  but  after 
a  time  this  is  wholly  resolved 
into  wood,  liber,  and  vasa 
propria.  These  bundles  re- 
main isolated  in  the  stem, 
never  alter  in  condition  after 
the  first  season  of  growth, 
and  turn  outwards  to  termi- 
nate at  the  surface  of  the  stem 
above  and  below,  anastomo- 
sing with  their  successors. 


Jlonoeotyledonous  flbro-vaseular  bundle  (from  the 
spadix  of  Phoenix'  daclijlifera).  A.  Transverse 
section.  B.  Vertical  section:  «,  parenchyma  in 
which  the  bundles  lie ;  re,  wood-cells ;  s  v,  spiral 
■vessels;  d,  reticulated  ducts ;  vp,  vasa  propria ; 
I,  liber-cells.    jMagn.  100  diam. 


In  the  Dicotyledons  the 
bundles  in  a  young  shoot  some- 
what resemble  those  of  Mono- 
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I'll  ancrogamia,  exhibiting  when  young  a  cambium-repion,  are  progressive 
bundles,  which,  ceasing  to  develope  at  tbe  end  of  the  first  season  in'  Mono- 
cotyledons, are  definite,  but  when  growing  season  after  season,  as  in  Di- 
cotyledons, are  indefinite, 

C.  The  Cortical  System. 

633.  In  young  stems  and  in  herbaceous  organs  generally  this 
system  is  termed  the  epidermal  system ;  as  stems  grow  older,  this 
gives  place  to  the  bark  or  rind. 

The  simplest  form  in  which  the  epidermal  system  can  exist  is  ihat 
of  a  simple  layer  of  flat  cells  firmly  united  by  Iheir  sides,  forming  a 
continuous  coat  over  the  surface  of  a  plant.  The  constituent  cells 
of  the  epidermis  are  entirely  devoid  of  chlorophyll  or  granular  matter. 
Such  an  epidermis  clothes  all  the  organs  of  plants  above  the  Class  of 
Mosses  ;  and  it  presents  this  simple  general  character  on  all  young 
structures,  with  one  special  distinction  only,  that  on  submerged 
organs  and  on  roots  it  is  absolutely  continuous  and  impervious  ;  while 
on  parts  exposed  to  the  air  it  presents  more  or  less  numerous  orifices 
guarded  by  a  peculiar  cellular  structure  called  a  stoma  (fig.  513,  a). 

634.  The  stomata  are  orifices  between  the  meeting  angles  of  the 
epidermal  cells  (fig.  514,  B),  in  which  orifices  lie,  rather  to  the  under- 
side, a  pair  of  cells  of  semilunar  form  (fig.  514,  A,  C),  separate  on  their 
adjacent  sides,  so  that  in  expansion  and  contraction  they  close  and 
open  a  slit-like  passage  beneath  the  superficial  orifice.  This  slit 
(fig.  514,  A,  s)  leads  to  an  open  intercellular  space  within  the  sub- 
stance of  the  leaf. 

In  Nerium  the  stomata  are  on  tbe  walls  of  pits  or  depressions  on  the 
under  lace  of  the  leaf.  Sometimes  the  stoma  is  formed  of  four  cells,  and 
then  either  in  two  pairs,  as  in  Ficvs  eiastica,  or  the  four  cells  form  the 
quadrants  of  a  circle,  as  in  various  Proteacese. 

Stomata  are  most  abundant  usually  on  the  lower  surface  of  leaves,  often 
wanting  on  the  upper  surface — except  on  tbe  floating  leaves  of  aquatic 
plants,  where  they  exist  on  the  upper  surface,  and  are  absent  where  the 
leaf  touches  the  water.  They  are  occasionally  found  in  the  interior  of 
organs,  as  on  the  replum  of  Crucifers.  They  vary  in  frequency,  partly 
bearing  proportion  to  the  size  of  the  cells  of  the  epidermis,  partly  irrela- 
tive to  this.  Sometimes  1(0  will  be  found  in  a  square  line,  sometimes  as 
many  as  10C0  to  3C00.  On  the  leaf  of  Brassica  Rapa  a  square  line  bears 
1800  on  the  upper  face,  3500  on  the  lower ;  Victoria  regia  1800  on  a 
square  line  above,  and  none  below.    A  few  other  examples  may  be  cited. 

On  the  upper  Qn  ^  ,ower  face 
face. 

Cherry-Laurel                           None.  625  to  a  square  line. 

Laurustinus                                do.  625       „  „ 

Daphne  Mezereum                     do.  30      „  „ 

Carnation                                   250  250       „  „ 

Garden  Flng                               80  80       „  „ 

Garden  Rhubarb    '^0       »  » 

Lilac                                       None.  1000       ,.  „ 
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From  the  researches  of  Duchartre,  Morren,  and  others,  the  following 
conclusions  may  be  drawn,  subject,  however,  to  many  exceptions,  bto- 
mata  are  more  abundant  in  woody  than  in  herbaceous  plants,  in  leathery 
rather  than  in  leaves  of  thinner  texture.  Succulent  leaves  contain  the 
smallest  numbers  of  stomata.  Where  leaves  are  alike  m  texture  ana 
colour  on  both  surfaces,  the  number  of  stomata  is  about  equal  on  both 
sides  ;  when  one  side  is  glossy  and  the  other  dull,  the  stomata  are  most 
abundant  on  the  latter  &c. 

Fig.  514. 


Fig.  513.  Epidermis  of  the  lower  surface  of  the  leaf  of  Selleborus  fceiidus :  a,  stoma.  Magn. 
200  diam. 

Fig.  514.  Stomata  of  the  leaf  of  Narcissus  Pseudo-Narcissus.  A.  Vertical  section  of  the  epi- 
dermal and  subjacent  cells,  passing  through  a  stoma,  s :  c,  cuticular  pellicle  ex- 
tending down  into  the  stomatal  cavity.  B  &  C.  Horizontal  section  of  the  epi- 
dermis, passing  through  the  plane  of  x  in  A:  B,  seen  from  above;  C,  seen  from 
below;  d,  smaller  epidermal  cells  corresponding  in  position  to  the  stomata,  but 
remaining  in  their  original  condition.    Magn.  200  diam. 

635.  The  cells  of  the  epidermis  exhibit  a  great  variety  of  forms  in 
the  leaves  and  petals  of  Phanerogamia.  It  is  very  common  for  the 
side-walls,  by  which  they  adjoin,  to  be  sinuous  or  zigzagged,  often 
presenting  very  elegant  patterns,  especially  on  petals.  The  external 
wall  of  the  cells  is  usually  more  or  less  convex ;  •  and  in  petals  this 
condition  is  carried  further,  through  numerous  gradations,  until  we 
find  a  papillose  condition,  arising  from  each  epidermal  cell  being 
produced  above  into  a  little  obtuse  cone. 

636.  Hairs  and  scales  of  all  kinds,  "scurf,"  such  as  we  see  in 
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tho  Bromcliaceoe  &c,  depend  on  the  development  of  the  epidermal 
cells.  Simple  hairs  are  merely  single  epidermal  cells  produced  into 
a  tubular  filament  ;  cell-multiplication  usually  occurs  in  such  hairs, 
so  that  they  present  a  number  of  joints  (fig.  515,  b)  ;  and  not  unf're- 

Fig.  515. 


a 


Fig.  515.  Epidermal  appendages :  a,  gland  of  Fraxinella,  in  vertical  section ;  6,  simple  jointed 
huir  al Pelargonium  ;  c,  hair  of  Sisymbrium  Sophia;  d,  hair  of  garden  Chrysan- 
themum; e,  h-iir  of  a  Grecillea;  J',  huir  of  the  bulbil  of  Achimenes,  with  a  glan- 
dular terminal  cell.   All  mngn.  SO  iliam. 

quently  they  are  more  or  less  branched  (fig.  515,  c,  d).  Glandular 
hairs  differ  merely  in  certain  of  their  cells  secreting  oils  or  resins  in 
their  cavities  (fig.  515,/).  Scales  are  produced  by  epidermal  cells 
growing  out  into  flat  cellular  plates  instead  of  projecting  filaments. 
Thorns,  such  as  those  of  the  Rose,  the  spines  of  leaves,  like  those  of 
the  Holly,  (fee.  are  epidermal  products  in  which  the  cells  become 
thickened  by  woody  secondary  deposits. 

63".  The  most  remarkable  diversities  of  condition  of  texture  of 
herbaceous  organs  depend  on  the  consistence  which  the  epidermal 
layer  acquires.  The  leathery  texture  of  evergreens,  the  woody  cha- 
racter of  the  leaves  of  Conifers,  &c.  depeud  chiefly  on  deposits  formed 
on  the  wall  of  the  epidermal  cells. 

In  all  epidermis  exposed  to  the  air,  the  outer  walls  of  the  cells 
become  early  strengthened  by  secondary  deposits;  these  are  very 
thin  and  slight  in  soft  herbaceous  leaves,  especially  when  such 


Fig.  516.  Fig.  517. 


Fig.  516.  Vertical  section  of  epidermal  cells  of  the  leaf  of  Bbj/a  carnom:  a,  the  portion  of  the 
Beoondary  layer  coloured  yellow  by  iodine.   Mngn.  no  diam. 

Fie  517.  Section  as  in  Bit.  616,  treated  with  caustic  potash:  a.  detached  cuticnlnr  pellicle;  o, 
the  layers  of  thickening  of  the  outer  walls  of  the  cells.    Magn.  440  diani. 
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plants  are  reared  in  a  warm,  moist  atmosphere.  In  leathery  or 
hard  leaves,  also  in  the  thick  tough  leaves  of  succulent  plants,  such 
as  the  Aloes,  Eoya  (figs.  516  &  517),  &c,  the  secondary  layers  acquire 
great  thickness ;  and  in  the  epidermis  of  the  branches  of  Viscum 
(fig.  518)  the  cells  become  absolutely  filled  up,  and  the  cells  of  the 
subjacent  layer  of  tissue  also  suffer  the  same  change. 

638.  In  the  course  of  this  thickening,  the  superficial  laminse, 
exposed  to  the  air,  become  more  or  less  chemically  changed,  and  at 
the  same  time  fused,  as  it 
were,  into  a  continuous 
layer  all  over  the  surface 
of  the  organ  ;  and  by  ma- 
ceration or  applying  nitric 
acid  we  may  separate  this 
outer  stratum  as  a  con- 
tinuous sheet  or  pellicle. 
This  layer,  which  strongly 
resists    decomposition,  is 
called    the    cuticle  (figs. 
517  &  519,  a).  Some 
authors  explain  its  origin 
by  supposing  it  to  be  a 
substance  excreted  from 
the  outer  walls  of  the  epi- 
dermal cells,  and  hardened 
into  a  pellicle  (like  a  var- 
nish) there.  But  by  tracing 
the  development,  it  is  seen 
to  be  merely  the  altered 
outer  walls  of  the  cells. 

In  Cycas,  the  inner  la- 
mina; of  the  secondary  de- 
posits exhibit  pits  (§  582) 
like  those  found  on  the 
walls  of  wood-cells;  but 
this  is  a  very  rare  phe- 
nomenon. 


Vertical  section  of  epidermal  cells  of  old  stem  of 
Viscum  album.    Magn.  400  diam. 

Fig-.  519. 


Vertical  section  of  epidermal  culls  of  Hrlleborus 
fuetidus:  a,  cuticle.    Magn.  440  diam. 


639.  The  aerial  roots  of  Orehidaces  exhibit  a  curious  structure 
the  growing  extremities  being  clothed  by  a  whitish  cellular  tissue 
composed  o  several  layers  of  cells  with  a  delicate  spiral  fibrous 
deposit  on  their  walls.  This  layer  forms  a  kind  of  coat  over  the  real 
epidermis  of  the  root,  and  is  known  by  the  name  of  the  velamen 

G^\.Corh-?heY°™g  shoots  of  Dicotyledonous  trees  and  shrubs 
are  clothed  with  epidermis  like  herbaceous  plants;  but  before  She 
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close  of  the  first  season  of  growth,  in  most  cases,  the  green  colour 
gives  place  to  brown,  which  is  owing  to  the  formation  of  a  layer  of 
cork  from  the  outer  layers  of  cortical  parenchyma.  Cork  is  com- 
posed of  tabular  thin-walled  cells,  containing  only  air ;  the  surface 
of  the  corky  layer  is  usually  rough  and  irregular,  and  it  peels  off  in 
lamina}  periodically  in  certain  plants,  being  renewed  by  development 
from  the  green  cellular  layer  which  it  covers. 

In  some  plants  the  corky  layer  is  little  developed,  in  others  very  much, 
as  in  the  Cork-Oak.  In  the  Vine  and  Clematis  the  corky  layer  is  scarcely 
distinguishable  after  the  first  year's  growth,  as  the  bark  breaks  away,  down 
to  the  liber,  in  stringy  shreds.  In  Viscum  no  cork  occurs ;  even  in  shoots 
eight  or  nine  years  old  the  epidermis  remains,  but  completely  consolidated 
by  secondary  deposits,  as  noticed  above  (§  G37). 

D.  The  Aerial  System. 

641.  In  most  parenchymatous  tissues  of  the  higher  plants  we  find 
the  cells  so  disposed  as  to  leave  passages  of  greater  or  less  capacity 
between  them,  which  passages  are  usually  found  filled  with  air,  ap- 
parently secreted  from  the  contents  of  the  cells.  In  imperfect  paren- 
chyma (fig.  470)  these  intercellular  passages  occupy  a  very  con- 
siderable portion  of  the' space  filled  by  the  tissue,  and  they  inter- 
communicate in  all  directions.  The  spongiform  cellular  substance 
of  leaves  is  traversed  by  larger  passages  of  this  kind  (fig.  472),  ex- 
panded in  many  places  into  air-spaces,  forming  a  continuous  system 
of  cavities,  which  are  in  direct  communication  with  the  external  air 
by  the  stomata.  When  stellate  cellular  tissue  exists  (fig.  474),  the 
air-spaces  are  very  extensively  developed. 

No  intercellular  passages  or  spaces  exist  in  young  tissues ;  they  are 
subsequently  formed  by  the  cells  separating  from  each  other  as  they 
expand,  and  excreting  air  into  the  interspaces. 

642.  Air-canals  are  long  tubular  channels,  in  petioles  (Nym- 
pha3acea3)  or  stems  {Hippuris,  Potamoyeton,  &c),  bounded  by  a 
cellular  wall,  and  generally  arranged  in  a  definite  manner  in  the 
organs  in  which  they  occur.  They  are  sometimes  continuous  through 
long  tracts  of  the  stems  or  petioles  (NymplueaceEe),  or  they  are  sub- 
divided into  chambers  by  cellular  diaphragms  occurring  at  intervals 
(petioles  of  Musa,  stem  of  Hippuris,  Myriophyllum,  &c). 

643.  Lacunas  are  formed  by  this  cellular  tissue  being  torn  down 
and  destroyed  by  expansion  of  the  surrounding  tissue  :  examples  of 
this  occur  in  the  fistular  stems  of  Umbclliferfe,  which  when  young 
have  a  solid  pith ;  but  this  is  torn  away  by  the  expansion  of  the 
cylinder  of  fibro -vascular  bundles,  and  leaves  a  tubular  cavity.  The 
hollow  stems  of  Grasses,  of  Equisetacere,  &c.  originate  in  the  same 
way. 
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E.  The  Secretory  System. 

644.  The  structures  in  which  are  found  the  substances  usually 
called  the  secretions  of  plants,  consist  of  glands,  reservoirs,  mi  canals 
for  peculiar  secretions  (resins,  oils,  &c),  and  the  so-called  milk- 
vessels.  They  for  the  most  part  occur  only  in  particular  plants  or 
particular  organs,  and  present  many  special  modifications  in  dif- 
ferent Natural  Orders. 

645.  Glands  are  the  structures  of  this  kind  most  frequently  met 
with,  and  they  are  generally  connected  in  some  manner  with  the 
epidermal  tissue.  Glands  may  be  divided  into  simple  and  compound, 
and  also  into  external  and  internal. 

Simple  external  glands  are  in  most  cases  glandular  hairs  ;  i.  e.  the 
terminal  cell  of  a  jointed  hair  is  expanded  and  filled  with  oil  or 
other  secretion.  Of  this  nature  are  the  glands  of  the  foliage,  flowers, 
&c.  of  many  Labiatns,  Scrophulariaeea?  (fig.  515,  f),  ifec. 

Simple  internal  glands  are  mostly  isolated  cells  of  the  layer  imme- 
diately subjacent  to  the  epidermis,  as  in  the  leaves  of  Begonia, 
Jjysimachia  vulgaris,  the  petals  of  Magnolia,  ifcc.  Such  glands  occur 
also  in  the  leaves  of  Lauracea?.  The  cystolithes  of  Urticacea?  are 
related  to  these  (§  612). 

Compound  external  glands  are  sometimes  hair-like  growths  from 
the  epidermis,  with  the  summit  (Drosera)  or  the  base  (Dictamnus, 
fig.  515,  a)  developed  into  a  cellular  nodule,  the  cells  of  which  either 
contain  the  secretion  or  surround  a  large  central  cell  filled  with  it. 
Other  superficial  glands  form  papilla?  of  various  shapes,  in  like  manner 
either  wholly  formed  of  secreting  cells,  or  with  a  central  reservoir, 
as  in  the  Hop,  Begoniacere,  Rosacea?,  Leguminosse,  &c. 

Compound  internal  glands  are  commonly 
reservoirs  surrounded  by  a  special  layer  of  Fig.  520. 

cells,  lying  just  beneath  or  sometimes  rising 
in  a  dome-shape  a  little  above  the  surface  of 
the  epidermis.  Examples  of  this  occur  in  the 
leaves  of  Rata  (fig.  520),  the  rind  of  the  fruit 
of  Oi  'anges,  Lemons,  &c,  leaves  and  stems  of 
Hypericacea;,  Myrtaceas,  &c. 

None  of  these  glands  have  excretory  ducts  like  Vertical  section  ufupidermia 
the  glands  of  animals.  In  mauy  cases  the  secre-  5,nd  subjacent  gland  of 
tions  exude  through  the  membrane,  and  give  a  ^dlam™^"*'  Magn' 
peculiar  character  to  the  surface  of  the  organs  in 

Which  fchev  are  found.  A  very  general  form  of  secretion  of  this  kind  is 
the  exudation  of  saccharine  fluid  from  the  superficial  cells,  very  common 
:it  ill-  has  i  of  petals  and  ovaries,  on  the  stigma,  and  sometimes  on  leaves, 
or  at  particular  points  of  the  lower  surface  of  the  leaves,  as  of  Prunus 
%auroeerasm}  the  Laurustinus,  and  other  shrubs. 

646.  Stings  are  a  form  of  glands,  consisting  of  a  long,  stiff  and 
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Fig.  521. 


pointed  hair  expanded  into  a  bulb  at  the  base,  containing  the  poison 
This  bulb  is  surrounded  by  a  layer  of  cells  derived  from  the  epidermis,' 
which  by  their  tension  exert  a  certain  pressure,  whence  it  results 
that  when  the  point  of  the  stinging- hair  is  broken  off,  the  fluid  is 
pressed  out  from  the  orifice. 

647.  lieservoirs  for  peculiar  secretions  may  be  regarded  as  a 
highly  developed  form  of  the  internal  glands.  Those  of  the  Coni- 
ferae  consist  of  cylindrical  bundles  of  thin-walled  cells,  filled  with 
resin,  lying  in  the  midst  of  the  wood,  parallel  with  the  fibro- 
cular  structures.  Similar  reservoirs  exist 
in  the  roots  of  Rhubarb,  in  the  leaves  of 
Aloes,  &c. 

648.  The  canals  for  secretions  differ  from 
the  foregoing  in  being  intercellular  channels 
bounded  by  a  definite  layer  of  cells  conjoined 
so  as  to  form  a  closed  tube.  Such  canals 
occur,  containing  resin,  in  the  bark  of  the 
Coniferae,  in  the  petioles  of  Cycadaceae,  in 
the  Umbelliferas,  Compositae,  Anacardiaceae, 
&c.  &c. 

649.  The  millc-vessels  or  laticiferous  canals, 
containing  the  latex  or  milky  juice  of  Papa- 
veracese,  Euphorbiaeeae,  Cichoraceas,  &c,  ap- 
pear to  be  intercellular  passages  which  be- 
come bounded  by  a  false  membrane  from 
alteration  of  the  walls  of  the  cells  between 
which  they  lie ;  and  this  view  of  their  struc- 
ture has  till  recently  been  the  one  most 
generally  adopted ;  but  the  more  recent 
researches  of  German  and  French  ana- 
tomists lead  to  the  conclusion  that  they  are  formed,  like  other 
vessels,  from  the  confluence  of  cells  into  tubes.  Trecul  even  states 
that  the  laticiferous  tubes  anastomose  with  the  true  vessels  and  pass 
their  contents  into  the  cavity  of  the  latter.  They  occur  most  abun- 
dantly in  the  pith  aud  inner  layer  of  the  bark  of  stems,  and  in  the 
cellular  substance  of  roots,  and  are  found  in  the  form  of  more  or 
less  regular,  simple  or  ramified  channels  in  stems,  petioles,  &c,  but 
much  more  irregular  and  tortuous  in  roots,  and  frequently  anasto- 
mosed into  a  complete  network.  Examples  of  the  former  may  be 
found  in  stems  of  Papaveraceae,  Ficus  elastica,  &c.  ;  of  the  latter  in 
the  roots  of  the  Dandelion  (fig.  521),  Chicory,  &c.  Dippel,  who 
made  a  special  study  of  these  organs,  holds  that  the  laticiferous  ves- 
sels replace  the  "  clathrate  cells"  of  other  plants. 

The  milk-vessels  contain  an  opalescent  granular  fluid,  in  which 
are  suspended  globules  of  caoutchouc  or  other  resins,  and  frequently 


Laticiferous  cannls  from  the  root 
of  Dandelion.  JIagn.  100  diarn. 
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also  starch-granules.  The  milky  character  is  only  acquired  on  ex- 
posure to  the  air,  and  it  disappears  again  as  the  juice  hardens  into  a 
resin. 

Latex-canals  are  remarkable  among  the  secreting-apparatus  of  plants, 
from  their  juices  containing  many  of  the  most  active  and  important 
of  the  special  organic  componnds.  Besides  the  pure  gum-resms,  suck  as 
Caoutchouc,  Gutta-percha,  Gamboge,  &c,  they  cany  substances  contain- 
ing vegetable  alkaloids,  such  as  Opium,  Lactucarium,  &c. 

Sect.  4.  Internal  Anatomy  op  Organs. 

650.  All  young  plants  are  composed  of  cellular  tissue  alone  ;  and 
the  Thallophytes  never  acquire  any  of  the  more  highly  developed 
"  systems  "  which  we  meet  with  in  full-grown  flowering  plants  and 
the  higher  Cryptogamia.  In  the  stems  of  the  latter,  the  "  systems  " 
present  special  modes  of  arrangement,  respectively  characteristic  of 
the  great  Classes. 

The  more  or  less  uniform  condition  of  the  tissues  in  the  Thallophytes  is 
connected  with  great  simplicity  in  the  physiological  processes  of  vegeta- 
tion and  growth ;  while  in  the  higher  plants  the  difference  of  internal 
organization  is  accompanied  by  important  differences  in  the  modes  of 
development  of  the  axis.  It  would  cause  us  to  exceed  our  limits  very 
widely  to  enter  into  minute  details  of  the  internal  structure  of  the  organs 
of  vegetation  of  plants  generally ;  but  it  is  requisite  not  only  to  give  a 
general  sketch  of  the  plan  of  organization,  but  to  describe  some  of  the 
more  important  modifications  met  with  in  the  higher  Classes. 

Structure  of  Stems  $c. 

651.  As  a  general  rule,  plants  possessing  stems  and  leaves  ex- 
hibit in  their  steins  a  definitely  arranged  fibro-vascular  system,  the 
bundles  of  which  send  off  branches,  or  pass  off  themselves  entirely, 
to  form  the  ribs  and  veins  of  the  leaves.  The  same  axial  system 
furnishes  below,  directly  or  indirectly,  the  bundles  which  constitute 
the  woody  central  mass  of  roots. 

Exceptions  to  the  above  occur  in  the  highest  Classes,  in  plants  with 
vegetative  organs  of  low  type  and  in  aquatic  plants  ;  in  the  latter  espe- 
cially, the  fibro-vascidar  bundles  seldom  extend  into  the  blade  of  the  leaf. 

652.  The  simplest  form  of  the  fibro-vascular  system  is  seen  in  the 
Mosses  (p.  421),  where  a  cord  of  proscnchymatous  tissue  runs  up  the 
centre  of  the  thread-like  stem,  and  in  some  cases  sends  off  branches 
to  the  leaves. 

653.  In  the  Lycopodiaceae  (p.  412)  the  axis  of  the  stem  is  occupied 
by  a  fibro-vascular  bundle  containing  spiral  and  scalariform  vessels 
which  is  regularly  developed  onwards  with  the  growth  of  the  point 
of  the  stem,  sending  off  lateral  branches  of  spiral  vessels  where  leaves 
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ariso,  but  undergoing  no  change  after  the  intcrnodc  in  which  it  lies 
is  once  formed. 

654.  In  the  Equisetacere  (p.  414)  a  ring  of  isolated  fibro-vascular 
bundles  exists  in  the  periphery  of  the  aerial  stem,  surrounded  by 
liber-cells  and  parenchyma  ;  these,  again,  are  simultaneous  bundles 
(§  632),  and  grow  only  at  their  points  as  the  stem  elongates.  The 
constituent  vessels  are  spiral  or  annular. 

655.  In  the  Ferns  (p.  416),  where  the  stem  acquires  greater  di- 
mensions, we  find  a  number  of  fibro-vascular  bundles  standing  in  an 
irregular  circle,  surrounding  a  central  cellular  axis,  and  externally 
surrounded  by  a  kind  of  rind.  The  bundles  do  not  run  straight  up 
the  stem,  but  in  waved  curves;  and  they  anastomose  laterally  and 
separate  again,  leaving  wide  passages  of  communication  between 
the  central  parenchyma  and  the  rind  (fig.  522).  The  branches  of 
the  bundles  going  to  supply  the  leaves  are  given  off  at  the  anasto- 
moses of  the  main  bundles ;  and  the  bundles  running  into  the  (ad- 
ventitious) roots  arise  at  similar  places.  These  bundles  are  "  simul- 
taneous;" and  therefore  the  stems  never  alter  in  dimensions  when 
once  formed. 

In  cases  like  that  of  Angiopteris  evecta,  where  the  stem  is  reduced 
to  very  small  proportions,  there  are,  according  to  Mettenius,  three 
zones  of  fibro-vascular  bundles,  one  within  the  other,  and  connected 
by  intervening  net-like  bundles.  It  was  formerly  supposed  that 
vessels  of  the  scalariform  type  were  the  only  ones  that  occurred  in 
Ferns ;  but  it  is  now  well  known  that  spiral  and  annular  vessels 
also  occur  especially  in  the  younger  portions. 

656.  All  the  above  forms  of  the  stem  are  characterized  by  being 
developed  only  at  the  point,  and  containing  only  such  bundles  as 
are  unlimited  in  growth  at  their  apex,  but  have  their  elements  de- 
veloped simultaneously,  and  "  completed,"  as  it  were,  in  each  inter- 
node,  step  by  step,  with  the  elongation  of  the  stem. 

From  this  circumstance,  these  higher  Cryptogamia  are  often  called 
Acrogens,  or  Acrobrya  (point-growers).    (See  pages  192  and  19;<.) 

657.  The  stems  of  Monocotyledonous  plants  (§  30)  have  a  very 
different  organization  from  the  above.  The  most  striking  peculiarity, 
at  first  sight,  is  the  isolation  of  the  fibro-vascular  bundles,  which,  as 
a  rule,  do  not  anastomose  in  any  part  of  their  course  through  the 
stem,  and  are  scattered  singly  in  the  parenchyma  of  the  stem 
(fio-  523)  Another  important  circumstance  is,  that  they  pass  entirely 
into  the  leaves  at  their  upper  ends  (fig.  524,  a),  while  at  their  lower 
extremities  they  approach  the  surface  of  the  stem  and  anastomose 
with  their  fellows  to  form  a  more  or  less  developed  fihrous  network, 
separating  the  rind  or  cortical  parenchyma  from  the  central  fibrous 
part  of  the  stem.  It  is  from  this  network  that  the  fibro-vascular 
axes  of  the  (adventitious)  roots  are  derived  (fig.  524,  b). 


INTERNAL  ANATOMY  OF  ORGANS.  STEMS. 


517 


658.  The  stems  of  Monocotyledons  are  very  generally  heroaceous, 
and  thus  present  very  important  varieties  of  form,  arising  from  non- 
development  of  intcrnodes,  according  to  regular  plans.  Ihese  modi- 
fications disguise  the  structure ;  but  it  may  he  readily  understood  by 
means  of  diagrammatic  illustrations  of  some  of  the  principal  forms. 


Fig.  522. 


Fig.  524. 


Fig.  523. 


Fig.  522.  Diagram  of  the  arrangement  of  the  flbro-vaseular  bundles  in  the  stem  of  a 
Tree-fern. 

Fig.  523.  Diagram  representing  the  arrangement  of  the  fibro-vascular  bundles  in  a 
Palm-stem. 

Fig.  524.  Another  diagram,  representing  the  upper  (a)  and  lower  (6)  extremities  of  a 
Monocotyledonous  trunk,  with  its  fibrous  layer  where  the  stem-bundleB 
terminate  and  those  of  the  root  commence,  enclosed  by  a  cortical  layer. 

659.  The  fihro-vascular  bundles  of  Monocotyledons  (fig.  525) 
being  of  the  definite  (§  632)  kind,  they  acquire  their  full  develop- 
ment in  each  internode  before  the  leaves  to  which  they  belong  fall ; 
and  hence  the  stems  of  this  class  do  not  increase  in  diameter  as  a 
general  rule,  but  have  a  columnar  character  when  they  form  woody 
trunks.    But  there  are  exceptions  to  this  rule. 

660.  It  has  just  been  stated  that  the  fibro-vascular  bundles  termi- 
nate below,  near  the  periphery  of  the  stem,  and  there  form  a  more 
or  less  evident  network  of  fibres  ;  this  network  constitutes  a  kind  of 
sheath  round  the  general  mass  of  the  stem,  and  is  itself  covered  by 
a  more  or  less  developed  rind  or  cortical  parenchyma  (fig.  524,  b). 
The  tissue  in  the  region  of  the  fibro-vascular  network,  or  fibrous  layer 
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remains  in  most  cases  in  the  condition  of  cambium,  as  we  see  adven- 
titious roots  readily  formed  in  this  situation.  In  Dracama,  Yucca, 
and  some  other  woody  Monocotyledons,  the  stem  becomes  increased 
m  thickness  with  the  age  of 


Fig.  525. 


the  tree,  by  the  formation  of 
layers  of  liber-like  proseu- 
chyma  in  this  fibrous  layer 
pushing  the  rind  outward. 
The  original  central  fibro- 
vascular  system  of  the  stem 
remains  unaltered. 

661.  The  region,  at  the 
junction  of  the  central  and 
cortical  parenchymas,  where 
the  fibro-vascular  bundles 
terminate,  should  perhaps  be 
called  a  cambium  -  region, 
since  the  cellular  tissue  situ- 
ated here  retains  its  develop- 
mental power  in  many  cases. 
The  essential  difference  be- 
tween this  and  the  cambium- 
ring  of  Dicotyledons  depends 
on  the  fact  of  its  not  coin- 
ciding, in  a  parallel  arrange- 
ment, with  the  cambium-re- 
gion of  the  fibro-vascular 
bundles,  but  with  the  extre- 
mities of  the  bundles,  which 
always  remain  isolated  from 
each  other.  The  successive 
layers  of  fibrous  structure  in 
Dracama  &c.  are  formed  in 
like  manner  of  isolated  bundles,  imbedded  in  parenchyma  ;  they  are 
unconnected  with  the  old  bundles  of  the  primary  axis,  but  are  con- 
tinuous above  with  the  lower  ends  of  bundles  belonging  to  the  branches 
occurring  in  these  stems. 

662.  The  stems  of  herbaceous  Monocotyledons  have  the  fibro- 
vascular  system  always  in  the  form  of  "  stringy  "  fibres  imbedded  in 
suceulent  parenchyma ;  and  in  those  perennial  stems  of  the  Class 
which  acquire  a  solid  woody  structure  the  ligneous  character  de- 
pends, not  on  the  fibro-vascular  system,  but  on  the  general  paren- 
chyma of  the  stem  having  its  cells  liguified,  of  which  we  have 
examples  in  the  Cocoa-nut  and  other  Palms,  in  the  Bamboo,  &c. 

663  The 'rind  of  the  Monocotyledonous  stem,  totally  different 


Monocotyledonous  fibre- vascular  bundle  (from  the 
spadix  of  Phoenix  dactylifera).  A.  Transverse 
section.  B.  Vertical  section ;  t>,  parenehvnia,  in 
which  the  bundles  lie ;  wr,  wood-cells ;  «  v,  spiral 
vessels;  d,  reticulated  ducts;  v p,  vaea  propria ; 
I,  liber-cells.    Magn.  100  diam. 
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from  true  hark,  is  generally  little  developed.  On  herbaceous  stems 
it  is  a  mero  epidermis  ;  but  on  fleshy  rhizomes  it  sometimes  acquires 
considerable  thickness,  and  is  then  found  to  be  composed  of  spongi- 
form parenchyma,  with  large  air-cavities,  the  whole  bounded  ex- 
ternally by  a  few  layers  of  tubular  parenchyma  with  a  corky  outer 
surface. 

A  certain  number  of  forms  occur  aberrant  from  the  type  above  described. 
In  Aloe  the  fibro-vascular  bundles  are  so  arranged  as  to  form  a  kind  ot 
cylinder,  separating  a  central  from  a  cortical  parenchyma.  In  the  Smi- 
lacete,  Dioscoreacefe,  and  some  other  Orders  the  rhizomes  imitate  still 
more  the  Dicotyledonous  arrangement ;  for  not  only  do  the  bundles  stand 
in  circles,  they  do  not  pass  wholly  off  into  the  leaves,  but  run  continuously 
through  the  structure.  Still  there  is  no  periodical  resumption  of  activity 
in  the  bundles,  as  in  the  Dicotyledons.  In  Tradescantia,  and  in  the  Grasses 
also,  anastomoses  of  the  isolated  fibres  take  place  at  the  nodes  of  the  stem. 

664.  The  stems  of  Dicotyledons,  and  of  Coni-  Fig-  526. 
ferae  which  agree  in  the  main  points,  are  at 
first  of  very  simple  structure,  almost  resembling 
those  of  the  Ferns ;  but  their  fibro-vascular 
bundles  being  of  the  indefinite  kind,  capable  of 
lateral  growth  by  addition  of  new  elements  season 
after  season  in  their  outer  regions,  the  full-grown 
stems  depart  widely  from  the  preceding  types. 

For  purposes  of  comparison,  attention  must  be 
confined  to  shoots  or  stems  of  Dicotyledons  in  their 
first  year  of  growth,  as  the  formation  of  annual  layers 
is  a  phenomenon  to  which  there  is  nothing  corre- 
spondent in  the  other  Glasses  (excepting  Conifers). 

665.  "When  a  young  herbaceous  stem  of  a 
Dicotyledon  is  cut  across,  we  find  the  fibro- 
vascular  bundles  standing  in  a  circle  around  a 
central  parenchymatous  mass,  the  pith,  and 
enveloped  by  a  cellular  rind  (fig.  526).  The 
bundles  run  in  tolerably  straight  vertical  courses, 
and  anastomose  freely;  a  certain  number  of 
bundles  belong  to  each  leaf;  but  they  do  not 
pass  off  into  the  leaves,  merely  sending  a  branch 
from  the  inner  vascular  part  of  the  bundle,  while  the  outer  woody 
mass  is  prolonged  upwards,  and  is  uninterruptedly  continuous  with 
a  new  bundle  belonging  to  the  leaf  directly  above  it  (which,  as 
follows  from  the  laws  of  Phyllotaxy  (§  60  et  seqq.),  is  generally  at  a 
distance  of  several  internodes). 

666.  As  the  stem  increases  in  age,  each  fibro-vascular  bundle  forms 
a  wedge-shaped  mass  of  wood  (fig.  527)  by  development  of  the  inner 
part  of  the  cambium-region,  and  at  the  same  time  a  layer  of  liber 
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at  the  extreme  outer  side,  next  the  hark.  At  the  close  of  the  first 
season,  therefore,  we  have  a  central  pith  (fig.  527,  p),  immediately 
bounded  by  the  vascular  portion  of  the  bundles  (called  the  medullary 
sheath)  (m  s),  from  which  pass  the  branches  to  supply  the  leaves 
with  ribs ;  next  come  the  wedges  of  wood  (w),  formed  of  prosen- 
chyma  (pr)  and  ducts  (d,d)  in  most  Dicotyledons,  of  prosenchyma 
alone  m  Conifers,  which  passes  into  the  cambial  or  reproductive 
layer  (o)  ;  and  this  is  continuous  outside  with  the  Ber-bundles  (I) 
corresponding  to  the  wedges  of  wood;  the  liber-fibres,  like  the 
inner  vascular  elements,  send  branches  to  form  part  of  the  ribs  of 
the  leaves. 


Fig.  527. 


Dicotyledonous  flbro-vasoular  bundle  (Plane-tree)  of  one  year's  growth.  A.  Transverse 
section.  B.  Vertical  section ;  s I,  suberous  layer  of  the  bark ;  cp,  cortical  parenchyma; 
I,  liber;  c,  cambium-region ;  d,  ducts  lying  in  the  prosenchyma,  or  wood-cells,  pr;  m«, 
medullary  sheath  of  spiral  vessels ;  p,  pith.  The  structures  connected  by  b  belong  to  the 
bark,  those  marked  w  to  the  wood.  In  A,  the  bundle  is  seen  to  be  bounded  on  each  side 
by  a  medullary  ray,  running  from  the  pith  to  the  cortical  parenchyma.  Magn.  50  diam. 

667.  The  fibro-vascular  bundles,  standing  side  by  side,  do  not 
become  absolutely  united,  but  are  separated  by  thin  plates  of  com- 
pressed  cellular  tissue,  running  out  from  the  pith  to  the  cortical 
parenchyma  ;  these  plates  are  called  medidlary  rays  (fig.  52S). 

668.  The  liber-portions  of  the  bundles  are  associated  with  rows 
of  clathrate  cells  (§  585),  and  frequently  with  latex-canals,  and  they 
are  surrounded  by  a  layer  of  parenchyma,  composed  of  cells  filled 
with  sap  and  containing  chlorophyll,  the  cellular  envelope  (fig.  527, 
c  p) ;  and  this  is  protected  externally  by  the  dry  suberous  layer 
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(s  I),  which  succeeds  to  the  epidermis  when  the  herbaceous  shoot 
acquires  a  woody  character. 

Many  special  modifications  of  the  above  type  are  met  with  in  Dico- 
tyledons. In  the  Piperaceaa  there  is  a  kind  of  double  concentric  circle 
of  fibro-vascular  bundles,  the  inner  circle  supplying  the  leaves,  but  not 
possessed  of  a  cambium-region ;  while  the  outer  circle  is  of  the  ordi- 
nary unlimited  character.  In  the  Sapindacese,  Malpighiaceas,  and  some 
other  Orders,  part  of  the  fibro-vascular  bundles  remain  separate  from  the 
principal  circle,  and  lay  the  foundation  of  a  number  of  secondary  cylinders 
of  wood,  enclosed  by  a  common  bark ;  this  phenomenon  may  be  well 
observed  in  Calycanthus,  where  a  square  form  of  the  stem  results  from  four 
fibro-vascular  bundles  remaining  free  from  the  central  cylinder  of  wood 
in  this  way. 

In  the  Nymphreacese  we  find  a  very  aberrant  condition :  the  fibro-vas- 
cular bundles,  fomied  of  vessels  and  parenchymatous  cells  alone,  without 
wood,  are  quite  isolated,  destitute  of  cambium,  and  form  a  complicated 
interlacement  closely  resembling  that  occurring  in  Monocotyledons — there 
being  no  distinction  of  pith  and  medullary  raj'S,  and  no  bark. 

A  still  more  frequent  source  of  diversity  lies  in  the  varied  nature  and 
mode  of  arrangement  of  the  elements  of  the  wood.  In  the  Plane  (fig.  527) 
we  see  the  spiral  and  annular  vessels  succeeded  by  a  body  of  prosenchyma, 
in  which  are  scattered  large  pitted  ducts.  In  the  Hazel  and  Alder  these 
ducts  are  far  more  numerous,  as  they  are  also  in  the  Lime.  In  the  Oak 
the  prosenchymatous  cells  are  very  small,  and  become  greatly  thickened, 
but  the  ducts  are  large.  The  Box  has  very  small  and  dense  prosenchyma- 
cells  and  few  and  small  ducts.  In  the  spongy  wood  of  the  Boinbacese  the 
prosenchyma  is  almost  wholly  replaced  by  thin-walled  parenchyma. 

In  the  Coniferae  there  is  a  total  absence  of  ducts,  the  wood  being  formed 
exclusively  of  prosenchyma  with  the  peculiar  bordered  pits  (fig.  487),  or, 
as  in  Taxus,  with  both  pits  and  a  spiral  fibre  (fig.  492). 

669.  "With  the  commencement  of  a  second  season  of  growth,  a 
Dicotyledonous  stem  begins  to  acquire  its  especial  peculiarities. 
"When  the  buds  open  to  produce  new  shoots,  cell-division  recom- 
mences in  the  cambium-region  of  the  old  bundles,  and  an  additional 
layer  of  wood  is  added  gradually  during  the  season  to  that  formed  the 
year  before.  Season  after  season  this  process  is  repeated,  and  thus 
the  cross  sections  of  the  stems  present  a  series  of  concentric  laminae 
of  wood  corresponding  to  the  number  of  seasons  during  which  the 
stem  has  existed  (figs.  528  &  529). 

The  concentric  lamella?  of  wood  in  Dicotyledons  are  really  annual 
rings  in  most  trees  of  temperate  climates.  In  the  tropical  trees  it 
frequently  happens  that  more  than  one  ring  is  formed  annually.  In 
our  own  trees  an  interruption  to  the  vegetation,  such  as  is  caused 
by  an  accidental  defoliation  during  the  summer,  produces  additional 
annular  markings.  In  the  common  Beet-root  several  rings  are 
produced  in  one  season. 

In  some  tropical  lives  (Mnlpighiaccaa)  the  concentric  circles  are  not 
very  clearly  marked ;  in  others  they  are  even  separated  by  a  distinct  laver 


r>±> 


physiology. 


of  parenchyma.  In  the  Bignoniaceaj  it  is  common  to  find  the  wood 
divided  into  four  large  portions,  separated  by  wedge-shaped  cortical  struc- 
tures, giving  in  the  horizontal  section  the  form  of  a  cross.  The  old  stems 
of  sucli  plants  as  the  Sapindaceaj  &c,  above  referred  to,  with  isolated 
bundles  outside  the  central  woody  cylinder,  acquire  very  anomalous 

Fig.  528.  Fig.  529. 


A 


Fig.  528.  Diagrams  of  cross  sections  of  a  one-year  (A),  two-year  (B),  and  three-year  old  (C) 
Dicotyledonous  stem,  or  of  the  branches  1,  2,  and  3  of  fig.  529.  The  letters  to  A 
indicate : — b,  Buberous  layer ;  e,  cellular  envelope  running  in  to  the  black  medul- 
lary rays ;  I,  liber ;  c,  cambium-region ;  «,  wood ;  p,  medullary  rays ;  m,  medul- 
lary sheath  of  spiral  vessels ;  p,  pith.  The  figures  to  C,  1,  2, 3,  mark  the  wood  and 
liber  belonging  to  the  1st,  2nd,  and  3rd  year. 

Fig.  529.  Diagram  of  a  vertical  section  of  a  Dicotyledonous  stem  3  years  old,  with  3  branches 
marked  1,  2,  3,  indicating  the  age  in  years  of  the  branch  and  the  internode  below 
it.  The  figures  below  denote  the  ages  of  the  layers  of  liber  and  wood ;  p,  pith ; 
c,  cambium;  m,  medullary  sheath;  w  c,  layers  of  wood;  I,  layers  of  liber;  b, 
cellular  and  corky  layer  of  bark. 

forms  with  age,  since  each  collection  of  fibro-vascular  bundles  is  developed 
annually  in  its  cambium-region,  and  hence  the  stem  assumes  the  appear- 
ance of  several  stems  enclosed  in  a  common  bark.  In  Cycads  more  than 
one  year  is  required  to  complete  a  woody  zone ;  thus,  in  very  old  stems 
of  Cycads,  only  a  few  rings  are  seen  surrounding  a  voluminous  pith. 

670.  As  woody  trunks  increase  in  size,  the  older  parts  of  the 
wood  frequently  go  on  increasing  in  density  by  the  formation  of 
secondary  layers  in  the  cells  of  the  prosenchyma ;  thus  the  old  cen- 
tral wood  becomes  more  solid,  forming  what  is  called  the  duramen 
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or  heart-wood,  which  is  sometimes  deeply  coloured  by  chemical 
changes  or  secretions  of  various  substances,  as  we  see  in  Ebony, 
Lignum  Vita?,  &c.  The  young  external  layers  of  wood,  in  which 
the  ascending  current  of  fluid  passes  freely,  is  called  the  alburnum 
or  sap-ivood. 

671.  The  fibro-vascular  systems  of  the  branches  of  Dicotyledons 
originate  independently  in  the  bud,  but  soon  become  blended  with 
those  of  the  parent  axis,  with  which  their  layers  of  increase  become 
uninterruptedly  continuous.  When  a  branch  is  broken  off  short, 
leaving  no  buds  upon  it  to  continue  its  growth,  it  becomes  sur- 
rounded and  ultimately  entirely  enveloped  by  the  succeeding  annual 
layers  of  wood,  and  in  this  way  forms  a  "knot."  The  numerous  small 
knots  of  the  wood  of  Pinv.s  sylvestris  arise  from  certain  of  its  branches 
being  broken  off  while  small. 

672.  The  pith  or  medulla  consists  of  parenchymatous  tissue,  filled 
with  nutrient  matters,  stored  up  for  the  use  of  the  growing  tissues. 
It  is  of  most  service  in  young  twigs,  and  becomes  inert  in  after-life, 
and  often  disappears  as  the  wood  grows.  It  exists  either  as  a  con- 
tinuous cylinder,  or  is  broken  up  into  disks  separated  by  cavities  one 
from  the  other  as  in  the  Walnut.  In  some  cases  some  of  the  cells 
of  the  pith  retain  their  vitality  longer  than  others,  so  that  there  is 
an  admixture  of  living  and  dead  cells ;  and  in  this  way  the  differences 
in  the  pith  may  even  serve  to  distinguish  certain  genera  one  from 
the  other. 

673.  The  medullary  rays  (fig.  528,  A)  which  separate  the  primary 
bundles  are  developed  in  the  cambium-region  with  the  yearly  layers 
of  wood,  and  always  extend  to  the  cortical  parenchyma;  in  the 
layers  of  successive  years  the  new  elements  of  the  wood  separate  into 
parcels  divided  by  secondary  medullary  rays  (fig.  528,  B,  C),  which 
are  repeated  in  each  successive  season.  The  course  of  tbe  fibro- 
vascular  bundles  being  slightly  sinuous,  from  their  lateral  anasto- 
moses, the  medullary  rays  have,  singly,  no  great  vertical  dimensions  ; 
and  their  transverse  diameter  varies  in  different  cases.  Their  cells 
become  lignified  in  heart-wood. 

674.  The  liber  is  usually  formed  in  successive  thin  laminas  composed 
of  slender  laterally  anastomosing  bundles  of  liber-cells  ;  and  in  some 
plants  these  lamina3  are  separated  by  layers  of  parenchyma,  so  that 
the  liber-structure  of  old  stems  may  be  split  into  its  annual  layers. 
In  some  stems  the  liber  ceases  to  grow  after  the  first  season. 

The  bast  of  which  Russia  matting  is  made  consists  of  the  separate 
liber-layers  of  the  Lime-tree.  The  "  lace  "  of  the  Lace-bark  tree  (Layctta 
lintcaria)  is  the  liber,  and  that  of  other  trees  of  the  Order  Thymelacese  is 
used  for  tying  up  bundles  of  cigars  &c. 

675.  The  cellular  envelope  (fig.  527,  cp.)  is  generally  in  an  active 
condition  of  vegetation  during  the  growing-season,  since  its  tissue 
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must  increase  laterally  (tangentially  to  the  stem)  to  allow  of  the  in- 
creasing diameter,  while  it  produces  the  new  suberous  structure  on 
the  outside. 

676.  The  suberous  layer  differs  much  in  its  condition  in  different 
trees.  When  it  is  composed  of  a  few  layers  of  tabular  cells  slowly 
increased  within  as  the  surface  splits  and  decays,  it  forms  a  mere 
periderm  :  in  some  trees  this  is  formed  of  alternate  layers  of  large- 
celled  and  small-celled  tissue,  and  splits  and  curls  up  into  rolls, 
which  gradually  fall  away  (Birch).  In  other  cases  it  is  thrown  off 
periodically  in  large  plates  by  expansion  of  the  subjacent  green  cel- 
lular layer  which  reproduces  it  (Platanus).  In  the  Elm,  Oak,  &c. 
the  corky  layer  is  developed  regularly  internally,  and  does  not  sepa- 
rate; it  hence  acquires  considerable  thickness,  and  is  irregularly 
split  up  by  the  expansion  of  the  stem,  thus  forming  a  rugged  rind. 

In  the  Cork- Oak  the  suberous  layer  is  greatly  developed,  receiving 
considerable  increment  every  year,  composed  of  thin-walled  muri- 
form  parenchyma. 

In  the  Vine  the  old  liber  is  thrown  off  annually  with  the  scarcely  distin- 
guishable periderm ;  and  the  same  takes  place  in  Clematis. 

Structure  of  Root?. 

677.  The  anatomy  of  roots  presents  important  modifications  ;  but 
these  are  less  striking  than  those  met  with  in  stems.  It  is  neces- 
sary to  restrict  our  account  of  these  organs  to  the  principal  facts 
only.  In  all  cases  they  have  a  fibro-vascular  axis  enveloped  in  a 
more  or  less  thick  cortical  parenchyma,  covered  when  young  by  a 
delicate  epidermis  devoid  of  stomata  (sometimes  called  ejnblema), 
when  old  by  an  epidermal  tissue  of  corky  nature. 

678.  The  roots  of  the  Vascular  Cryptogamia  (Ferns,  Lycopodiaeete, 
&c.)  are  all  adventitious,  and,  excepting  in  the  comparatively  few 
arborescent  forms,  are  soft,  succulent  filaments  dying  off  after  a  cer- 
tain time,  to  be  replaced  by  new  ones  formed  higher  up  on  the  stem. 
Their  structure  consists  merely  of  a  central  fibro-vascular  axis,  sur- 
rounded by  a  cellular  cortex  and  an  epidermis  provided  with  nume- 
rous root-hairs  of  a  yellowish  colour. 

679.  Dicotyledons  produce  an  axial  (§  35)  root,  which  is  a  direct 
prolongation  of  the  stem  downwards;  and  both  this  and  the  adven- 
titious roots  frequently  developed  on  the  stem  have  the  peculiar  un- 
limited fibro-vascular  structure  found  in  the  stems  of  this  Class,  and 
may  become  woody  and  increase  by  annual  layers  like  the  ascending 

axis.  .  , 

680.  The  radicle  of  a  Monocotyledonous  embryo  is  never  deve- 
loped •  but  if  we  make  a  section  of  the  lower  part  of  the  embryo,  we 
find  one  or  more  little  conical  bodies  imbedded  in  the  parenchyma  ; 
these  are  the  nascent  adventitious  roots,  which  soon  appear  extcr- 
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nally  by  breaking  tbeir  way  mechanically  through  the  superficial 
tissue.  The  anatomy  may,  however,  be  more  easily  studied  by 
tracing  the  development  of  the  adventitious  roots  on  the  rhizomes  of 
Bushes,  Flags,  and  other  plants  of  this  Class.  The  roots  originate 
(fig.  530,  A,  a  r)  in  the  region  where  the  fibro-vascular  bundles  of  the 
stem  terminate  (and  frequently  form  a  fibrous  plexus  (§  657)).  They 
are  at  first  wholly  cellular,  and  we  may  distinguish  in  them  three 
parts, — a  woody  axis,  which  soon  becomes  continuous  with  the  fibro- 
vascular  plexus ;  a  cortical  parenchyma,  continuous  with  the  inner 
part  of  that  of  the  parent  stem  ;  and  a  kind  of  conical  hood  of  rather 
dense  cellular  tissue,  enveloping  the  end  of  the  root.  As  the  root 
grows,  it  pushes  the  hood  forward,  which  breaks  down  the  cellular 
tissue  before  it,  and  finally  appears  externally.  "When  the  epidermis 
is  ruptured  in  this  way,  it  presents  a  circular  free  edge  standing  up 
slightly  like  a  collar  around  the 

base  of  the  free  part  of  the  root :  Fig.  530. 

this  is  called  the  coleorhiza  (fig. 
530,  B,  c)  by  some  authors.  The 
conical  hood  upon  the  apex  of  the 
root,  called  the  pileorhiza  (fig. 
530,  B,  p),  is  more  or  less  per- 
sistent in  different  cases  ;  in  aqua- 
tic plants  it  becomes  greatly  de- 
veloped, as  may  be  seen  in  the 
Duckweed  (Lemna),  where  it  forms 
a  long  sheath,  appearing  as  if 
slipped  over  the  end  of  the  rootlet. 
The  focus  of  development  of  the 
root  is  within  the  pileorhiza, 
which  is  pushed  forward  by  the 
continual  development  of  cells  just 
behind  the  apex. 

The  pileorhiza  may  be  compared 
to  a  kind  of  shield  or  guard  to  the 
tip  of  the  root,  protecting  the  nas- 
cent tissue,  by  the  expansion  of 
which  it  is  pushed  forward,  itself 
always  possessing  a  certain  solidity 
which  enables  it  to  penetrate  be- 
tween the  particles  of  the  soil. 

681.  In  a  cross  section  of  the 
root  of  a  Monocotyledon  we  see  the 
centre  occupied  by  prosenchyma- 
tous  tissue,  -with  a  circle  of  vessels 
around  it ;  the  whole  enclosed  by 
regular  parenchyma,  sometimes  by 


Development  of  adventitious  roots  in  ftparqa- 
nium.  A,  B.  Fragments  of  a  rhizome  with 
eortic:il  parenchyma  (op),  ilbrous  layer  (f) 
where  the  flbro-vasoular bundles  terminate, 
and  central  region  (»tp)  in  which  the  bun- 
dles run.  A,  ar,  shows  an  adventitious  root 
arisingfrom  the  cambium  tissue  at  the  out- 
side of  the  fibrous  layer ;  in  Jl  the  more  ad- 
vanced root  (ar)  has  emerged,  leaving  a 
ragged  collar  or  coleorhiza  (c),  and  having 
a  root-hood  or  pileorhiza  on  its  extremity 
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Fig.  531. 


libor-cells  and  covered  by  an  epidermis.  The  ring  of  vessels  pre  a  ds 
out  into  a  kind  of  rosette  at  the  base,  and  anastomoses  with  he  ex- 
tremities of  the  fibro-vascular  bundles  of  the  stem  in  the  fibrous 
region  (fig.  530,  /).  Secondary  adventitious  roots  are  formed  in  the 
same  way  in  the  roots,  originating  immediately  upon  the  vascular 
ring  and  breaking  through  the  cortical  parenchyma. 

The  woody  adventitious  roots  of  arborescent  Monocotyledons  differ 
only  in  the  greater  development  of  the  fibro-vascular  structures ;  and 
they  emerge  from  the  stem  (Palms)  in  the  form  of  thick  conical 
shoots. 

682.  When  adventitious  roots,  like  those  just  described,  die  away, 
they  decay  down  to  their  very  origin,  and  leave  a  scar  in  the  form  of 
an  orifice  surrounded  by  the  ragged  coleorhiza. 

In  the  thickened  adventitious  roots  of  Asparagus,  which  perform  the 
function  of  tubers,  the  parenchyma  is  greatly  developed.  In  the  tuber- 
ous roots  of  Orchids  (figs.  20  &  21)  the  central  woody 
axis  becomes  irregularly  expanded  into  parenchymatous 
tissue  driving  the  vessels  out  nearly  to  the  periphery,  so 
that  the  characteristic  structure  is  greatly  disguised. 
The  aerial  roots  of  the  epiphytic  Orchids  have  the  grow- 
ing extremities  clothed  by  several  layers  of  a  paren- 
chymatous tissue,  in  which  the  cells  are  characterized  by 
delicate  open  spiral-fibrous  secondaiy  layers. 

683.  The  axial  root  of  Dicotyledons,  being  a 
direct  continuation  of  the  stem,  displays  a  circular 
group  of  fibro-vascular  bundles  as  in  the  ascend- 
ing axis ;  but  these  mostly  converge  at  the  point  of 
junction  of  stem  and  root  (collar),  so  that  the 
central  axis  of  parenchyma,  the  pith,  is  usually  ab- 
sent, the  medullary  rays  (§  667)  remaining  as  in  the 
stem.  Externally,  again,  there  is  a  difference,  since 
the  liber-bundles  vanish  and  the  cambium-region 
passes  at  once  into  the  cortical  parenchyma,  here 
colourless  and  succulent,  and  this  is  clothed  by  a  less 
prominent  periderm  than  the  stem.  The  roots  of 
Dicotyledons  increase  in  diameter  by  annual  layers  of  wood  formed 
in  the  fibro-vascular  bundles,  these,  however,  being  much  less  regular 
in  their  arrangement  than  those  of  the  stem  on  account  of  the  tor- 
tuous course  of  the  roots ;  hence  while  the  wood  of  the  roots  is  often 
useful  for  ornamental  purposes,  it  is  comparatively  valueless  for 
carpenters'  uses.  The  branches  of  the  axial  root  are  originally 
growths  from  the  apex  of  the  root,  thrown  off  to  the  side,  as  u 
were,  and  their  woody  axis  is  derived  from  a  division  of  that  of  the 

main  root.  ,       .       .,    ,  . 

The  radicle  of  a  germinating  Dicotyledon  has  its  piUorhtea 
(fig.  531),  and  grows,  in  the  same  way  as  that  of  the  Monocoty- 


Extremity  of  the 
root  of  a  germi- 
nating turnip. 
Magn.  30  diam. 
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ledons,  by  development  of  cells  just  behind  the  apex.  Young  roots 
are  covered  by  a  delicate  epidermis ;  and  the  cells  of  this  are 
abundantly  produced  into  hairs  (fibrillos)  in  many  plants,  especially 
in  those  growing  in  light  soils  ;  these  fibrils  are  deciduous,  the  deli- 
cate epidermis  (which  is  always  destitute  of  stomata)  being  gradually 
converted  into  a  corky  layer. 

Adventitious  roots  are  very  common  in  Dicotyledons,  especially  the 
herbaceous  perennial  kinds,  and  they  alone  can  exist  on  plants  raised 
from  cuttings  ifec.  of  stems.  The  roots  originate  much  in  the  same 
way  as  those  of  the  Monocotyledons,  appearing  first  as  cellular  cones 
in  the  region  adjacent  to  the  cambium -layer,  with  which  the  fibro- 
vascular  structure  soon  becomes  confluent.  They  break  through 
the  rind,  with  a  coleorhiza,  and  protected  by  a  pileorhiza,  just  as  in 
Monocotyledons ;  but  when  once  formed,  they  appear  to  branch  in  the 
same  manner  as  the  axial  root,  and  not  by  the  formation  of  secondary 
adventitious  roots. 

Trecul  states  that  the  structure  of  adventitious  roots  differs  accor- 
ding to  the  part  of  the  stem  whence  they  emerge.  If,  for  instance, 
they  originate  opposite  a  fibro-vascular  bundle,  as  in  Nuphar,  the 
centre  of  the  root  is  occupied  by  a  bundle  of  fibro-vascular  tissue ;  if 
they  spring  from  the  stem  opposite  the  pith  or  cellular  tissue  between 
the  vessels,  then  the  centre  of  the  root  is  likewise  cellular.  In 
Cryptogams,  according  to  Nageli,  the  roots  always  originate  opposite 
a  fibro-vascular  bundle.  The  primary  form  and  disposition  of  the 
roots  depend  in  a  measure  on  the  form  of  the  terminal  cells  and  on 
the  direction  of  the  partitions  by  which  it  is  divided — lengthwise, 
horizontal,  or  oblique. 

Tuberous  roots  of  herbaceous  Dicotyledons  present  several  modifications 
in  the  arrangement  of  the  structures.  In  the  Carrot  and  Parsnip  the 
fibro-vascular  ring  has  its  component  parts  much  separated  by  the  great 
development  of  the  medullary  rays  and  masses  of  parenchyma  replacing 
the  ordinary  prosenchyma  of  woody  roots,  so  that  the  fibro-vascular  struc- 
ture has  a  deceptive  resemblance  to  that  of  Monocotyledons;  and  thecortical 
parenchyma,  again,  is  greatly  developed,  so  as  to  form  a  thick  fleshy  rind. 
In  the  Turnip  the  cortical  parenchyma  is  little  developed,  and  the  mass 
of  the  fibro-vascular  bundles  lies  immediately  under  the  rind,  the  inner 
vascular  parts  of  the  bundles  being  split  up,  as  it  were,  into  a  row  of 
fibres  radially  arranged  and  imbedded  in  a  great  quantity  of  lax  paren- 
chyma. The  fibro-vascular  bundles  converge  at  the  "  collar,"  and  then 
separate  again  to  surround  the  pith  of  the  stem  ;  they  also  converge  again 
towards  the  point  of  the  root.  These  so-called  roots  are  more  nearly 
allied  to  the  stem,  and  are,  indeed,  hypocotyledonary  stems. 

The  structure  described  under  the  name  of  spongioles  has  no  existence 
in  nature.  The  error  has  probably  arisen  from  the  appearance  presented 
by  the  pileorhiza. 

Roots  grow  by  cell-development  only  near  the  apex ;  and  interstitial 
expansion  soon  ceases.    Old  roots  of  Dicotyledons  present  a  dense  heart- 
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wood  liko  the  trunks,  the  passago  of  fluid  taking  place  through  the  outer 
layers.  When  the  older  parts  of  roots  are  exposed  to  the  air  by  re- 
moval of  soil,  they  acquire  a  thick  corky  periderm. 

The  general  structure  of  the  root  of  Conifers  is  like  that  of  Dicoty- 
ledons. 

Structure  of  Leaves  8fc. 

684.  The  plan  of  construction  of  the  leaves  and  of  the  other 
appendicular  organs  of  the  stem  is  in  the  main  identical  throughout 
all  cases ;  but  there  is  very  considerable  variation  "within  the  limits 
of  the  general  type. 

685.  The  essential  character  of  the  anatomy  of  a  leaf  is,  that  it 
is  an  expanded  layer  of  parenchyma  clothed  over  its  whole  surface 
with  epidermis,  and  furnished,  according  to  its  degree  of  development, 
with  a  more  or  less  extensive  and  complicated  framework  of  flbro- 
vascular  bundles. 

In  the  leaf  of  the  Turnip,  for  example  (fig.  532),  we  find  an 
upper  (e)  and  lower  (V)  epidermis  (§  633),  with  an  intermediate 
mass  of  parenchyma  (or  merenchyma,  m,  m'),  rather  close  in  the 


_    .    „       ,    -  .  iMfnfi  he  Turnip,  constructed  from  sections  made  in  various 

Projectmnofafrnpncntofthe ^«™SuUmX3  upper  surface  with  its  stomata;  «\ 
direct.ons,  and  rnagn.  100  c m  .< ,  epr ntrn  •»  ,  "  ;  ■  ^  intcrceilular  cav.tios : 
epidermis  of  the  ^vjace,s^ $  h "leaf;  ».'  loose  and  spongy  parenchyma  of 

^Tp^ 

upper' part,  and  spongiform  in  the  lower  part.  The  agdnrii  * 
studded  with  stomntu  (s),  which  open  m  o  ^terc^1^.^??3i 
municating  freely  throughout  the  spongy  tissue,  and,  further  hi  ough 
the  petiole;  with  the  intercellular  passages  in  the  stem.  The  fibro-vas- 
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cular  system  (rifts  and  veins)  runs  through  the  lower  lax  parenchyma 
(fig.  532,  /.  b),  and  consists  of  bundles  of  spiral  vessels  aud  liber, 
the  former  continuous  with  the  medullary  sheath  (§  666)  and  youngest 
part  of  the  vascular  axis  of  the  stem,  the  latter  continuous  with  the 
liber-bundle  outside  the  cambium.  -The  primary  ribs  in  most  Di- 
cotyledons contain  much  liber,  and  thus  become  very  thick,  so  as  to 
project  from  the  lower  face  of  the  leaf. 

The  primary  ribs  have  a  structure  almost  precisely  like  that  of  a  small 
branch,  though  the  cambium-layer  or  layer  of  active,  growing  cells  is 
sometimes  placed  between  the  fibro-vascular  bundles  and  the  upper  or 
inner  epidermal  layer  in  the  case  of  leaf-organs,  while  in  the  case  of  the 
stem  the  organizing  layer  is  situated  between  the  fibro-vascidar  bundles 
and  the  lower  or  outer  epidermis. 

Great  differences  result  from  the  different  degrees  of  development  of  the 
spongy  portion,  as  may  be  seen  by  comparing  the  leaf  of  the  Lilac  with 
that  of  the  Aloe  or  Mesenibryanthemum  &c.  The  degree  of  consolidation 
of  the  epidermis  by  the  formation  of  thickening  layers  (§  637)  is  the 
principal  source  of  difference  of  solidity  of  leaves. 

686.  Submerged  leaves  of  aquatic  plants  have  no  stomata  nor 
any  extensive  intercellular  system  ;  the  epidermis  is  also  little  deve- 
loped, and  there  is  commonly  a  total  absence  of  fibro -vascular  veins  ; 
hence  the  delicate  and  perishable  character  of  these  organs. 

687.  The  leaves  and  other  appendicular  organs  are  especially  the 
seat  of  the  glandular  and  analogous  epidermal  structures  (§  636). 

688.  The  petioles  usually  consist  of  a  mass  of  parenchyma,  sur- 
rounded by  epidermis  and  traversed  by  fibro-vascular  bundles 
arranged  in  a  more  or  less  semicircular  manner.  When  cylindrical 
the  bundles  form  a  complete  circle,  and  the  structure  is  then  un- 
distinguishable  from  that  of  a  young  branch,  on  which  account  the 
ordinary  leaf  has  been  regarded  as  a  branch  the  upper  portion  of 
whose  vascular  tissues  are  suppressed  or  depauperated. 

The  fall  of  the  leaf  is  effected  by  the  gradual  formation  of  a  layer  of 
thin-walled  cells  across  the  petiole,  at  right  angles  to  the  direction  of  the 
other  tissues,  and  which  thus  ultimately  separate  the  inert  leaf  from  the 
living-  stem  as  by  a  knife-blade. 

Structure  of  the  Floral  Organs. 

689.  Bracts,  sepals,  petals,  &c.  are  organized  on  the  same  plan  as 
leaves,  their  epidermis  frequently  presenting  raised  conical  cells  and 
having  stomata.  The  tissues  of  these  organs  are  more  delicate,  the 
fibro-vaacnlar  structures  being  almost  exclusively  formed  of  spiral 
vessels.  The  parenchyma  of  petals  contains  fluid  colouring-matters 
(§  609)  instead  of  chlorophyll. 

In  the  parenchyma  of  the  floral  organs  of  coloured  structures,  the  cells 
are  filled  with  fluid  colouring-matters  of  various  tints,  the  depth  of  colour 
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depending  on  the  greater  or  smaller  number  of  layers  of  colour-cells 
beneath  the  epidermis,  the  tints  differing  accordingly  as  cells  containing 
colouring-matter  of  different  hues  overlie  one  another. 

690.  Stamens  and  pistils  are  composed  of  rather  regular  paren- 
chyma with  a  delicate  epidermis,  and  fibro-vascular  ribs  more  or 
less  developed  in  different  cases. 

The  structure  of  the  anther  is  somewhat  complex,  varying  not  only  in 
different  plants  but  also  in  different  stages  of  growth.  At  first  consisting 
of  cells  of  about  the  same  size  and  form,  it  subsequently  presents  a  central 
mass  devoted  to  the  formation  of  the  pollen  (see  under  Physiology  of 
Reproductive  Organs).  This  central  mass  is  overlain  by  three  layers  of 
cells :  first  in  order  going  from  within  outwards  is  the  endothecium,  con- 
stituted by  a  single  layer  of  delicate  cells  of  a  different  size  and  shape 
froni  the  rest,  and  usually  disappearing  as  the  pollen-grains  are  matured. 
These  cells  apparently  contain  nitrogenous  contents,  supposed  to  be 
applied  to  the  nutrition  of  the  pollen-cells  during  their  growth.  This 
layer  is  persistent  in  the  case  of  anthers  opening  by  pores.  Succeeding 
the  endothecium  are  one  or  more  layers  of  permanent  cells,  some  of 
which  contain  spiral  fibres.  These  cells  constitute  the  mesothecium.  The 
fibrous  cells  vary  in  number  and  situation  in  different  plants,  and  are 
sometimes  entirely  absent,  as  in  the  case  of  anthers  opening  by  pores ; 
hence  they  are  supposed  to  act  hygrometrically  in  the  dehiscence  of 
valvular  anthers.  The  third  layer  of  the  anthers  is  of  an  epidermal 
character  and  is  called  the  exothecium.  The  connective  has  the  general 
structure  of  the  filament ;  sometimes,  as  in  some  Lilies,  it  contains  fibrous 
cells.  Each  cell  of  the  anther  is  partly  subdivided  by  cellular  projections 
from  the  connective;  to  these  processes  M.  Chatin  gives  the  name  of 
plucentoids,  being  of  opinion  that  they  contribute  to  the  nourishment  of 
the  pollen. 

The  pistils  and  fruits  have,  for  the  most  part,  the  general  structure  of 
leaves.  Some  of  their  fibro-vascular  bundles  run  along  the  placentas  and 
give  off  spiral  vessels  through  the  funiculus  (§  234)  to  terminate  at  the 
chalaza  (§  236)  of  the  ovide. 

The  style  has  usually  in  the  centre  a  quantity  of  loosely  packed,  cylin- 
drical, elongated  cells,  constituting  the  conducting  tissue  for  the  pollen- 
tubes.  The  stigmatic  cells  are  devoid  of  epidermal  covering,  and  hence 
present  the  form  of  partly  detached  prominences  or  papillae. 

The  coats  of  the  ovule,  as  well  as  the  nucleus,  are  usually  wholly 
cellular ;  occasional^,  however,  the  vascular  tissue,  instead  of  ceasing  at 
the  chalaza,  is  prolonged  upwards  into  the  coats  and  into  the  nucleus. 
Great  changes  take  place  in  the  nature  and  arrangement  of  the  cells  as 
the  ovules  ripen  into  the  seeds.  The  disposition  of  the  cells  of  the  outer 
investment  of  seeds  is  often  very  beautiful  and  characteristic. 

In  the  ripening  of  the  fruit  the  organizing  tissues,  which  carry  on  the 
growth  of  the  organ,  are  situated  between  the  inner  epidermal  layer  and 
the  fibro-vascular  zone,  as  in  the  case  of  leaves.  Moreover  the  nbro- 
vascular  bundles  are  arranged,  as  in  the  leaf-blade,  with  reference  to  a 
surface,  and  not  in  a  cylindrical  disposition  as  in  stem-organs. 

691.  The  anatomy  of  the  thalamus  or  receptacle  corresponds  with 
that  of  the  stem.    Hollow  receptacles,  like  those  of  the  Rose  or  of 
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the  Apple,  in  which  the  carpels  are  enclosed  or  imbedded,  have 
essentially  a  stern-structure,  their  cambium-layer  being  placed 
between  the  fibro-vaseular  zone  and  the  outer  epidermis. 

Anatomical  investigations  show  that  inferior  ovaries  (§  158)  are  really 
cases  of  adhesion  of  the  imbedded  carpels  to  the  expanded  upper  ex- 
tremity of  the  thalamus. 


CHAPTER  II. 

GROWTH  AND  DEVELOPMENT  OF  ORGANS. 
Development  of  Cells. 

692.  The  cells  originate  in  the  interior  of  preexisting  cells ;  but 
the  phenomenon  does  not  depend  upon  the  cell-membrane ;  it  is 
altogether  a  result  of  changes  taking  place  in  the  cell-contents. 

In  the  majority  of  cases  cells  are  perfected  within  the  cavity  of  the 
parent  cell ;  but  in  the  zoospores  of  the  Algae  we  have  an  example  of  the 
fully  developed,  newly  individualized  primordial  utricle,  with  its  con- 
tents, escaping  from  the  parent  cell  in  a  naked  condition,  and  forming  its 
cell-membrane  subsequently.  Mirbel  affirmed  that  cells  were  not  in  all 
cases  formed  within  other  cells ;  and  recent  observations  tend  strongly  to 
confirm  this  opinion. 

693.  Development  of  cells  in  plants  takes  place  in  all  cases  in 
essentially  the  same  way ;  but  the  form  of  the  result  is  subject  to  a 
number  of  important  modifications. 

The  modifications  may  be  classed  under  two  principal  heads,  iu 
each  of  which  class  we  meet  with  various  subordinate  varieties. 
These  two  modes  of  cell-development  are  :■ — 1.  Cell-division,  where 
two  or  more  new  cells  accurately  fill  the  cavity  of  the  parent  cell 
and  adhere  firmly  to  its  membrane,  giving  the  appearance  as  though 
the  original  cell  had  been  simply  divided  into  compartments ;  and 
2.  Free-cell  formation,  in  which  the  whole  or  part  of  the  cell- 
contents  become  detached  from  the  cell-wall  and  resolved  into  one 
or  more  new  cells,  which  have  no  adhesion  to  the  membrane  of  the 
parent  cell,  and  ultimately  escape  from  it. 

Cell-division  is  the  process  universal  in  the  formation  of  the  cells 
by  which  vegetative  growth  is  effected  ;  Free-cell  formation  occurs 
only  in  the  production  of  cells  connected  with  reproduction. 

It  will  render  the  comprehension  of  the  phenomena  easier,  to  describe 
cell-formation  first,  although,  from  the  statement  just  made,  it  is  evident 
that  free-cell  formation  is  the  primary  phenomenon  in  the  life  of  every 
plant  that  originates  from  a  seed  or  spore. 
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Coll-division  takes  place  in  all  growing  parts  of  plants,  but  in  the 
higher  classes  these  regions  are  only  accessible  by  dissection  ;  in  the  lower, 
anil  especially  aquatic  plants,  we  are  able  to  observe  the  process  of  cell- 
division  in  living  organisms  in  all  its  details ;  and  it  is  in  these  that  the 
phenomena  are  most  satisfactorily  studied. 

694.  Cell-division  can  only  take  place  in  a  cell  which  retains  its 
protoplasm  in  an  active  state.  When  the  parent  cell  is  about  to 
produce  two  (or  four,  or  rarely  more)  new  cells,  the  primordial 
utricle  or  protoplasm  separates  from  the  cell-wall  at  the  line 
bounding  the  plane  of  division,  and  advances  inwards  in  the  form 
of  a  narrow  fold,  until  the  portions  of  the  fold  coming  from  the 
different  sides  of  the  cell  coalesce,  and  the  protoplasm  is  resolved 
into  two  (or  more)  closed  utricles,  together  completely  occupying  the 
place  of  the  original  utricle.  While  the  protoplasm  is  folding  inward, 

Fig.  533. 


Section  of  the  outer  layers  of  the  rind  of  Cernus  peruvianas  soaked  m  alcohol .  ".  cortical 
cells  with  contracted  protoplasm,  some  with  newly  formed  septa  («,);  b  cork  cells  newly 
formed  by  division  in  the  outer  cortioal  cells;  c,  epidermal  cells;  d,  cutiole.  Magn. 
200  diam. 

it  deposits  at  the  same  time  successive  layers  of  cellulose  all  over 
its  surface ;  and  these  form  thickening  lamina;  on  the  wall  of  the 
parent  cell  (to  which  they  adhere),  continued  into  a  double  septum 
separating  the  cavities  of  the  two  new  cells,  formed  by  the  infolded 
portions  of  the  protoplasm  (fig.  533).  This  takes  place  not  only  in 
the  vegetative  cells  but  also  in  the  pollen.    At  other  times  the 
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new  dividing  cell-wall  is  formed  gradually,  after  the  sudden  division 
of  the  protoplasm  into  two  portions. 

This  phenomenon  may  be  traced  very  clearly  in  all  its  minutiae  in  large 
species  of  ConferveaB  {Cladophora,  fig.  534);  and  so  far  as  we  may  judge 
from  observations,  extended  from  similar  cases,  through  the  accessible 
structures  (nascent  leaves,  prothalha,  &c.)  of  Mosses,  Ferns,  &c,  up  to 
what  we  can  detect  in  sections  of  the  tissues  of  the  Phanerogamia,  it  is 
the  universal  mode  of  subdivision  of  cells. 


F  A 


Fig.  534. 

B  B   &  f  C 
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Cell-division  in  Cladophora  glomerata.  A.  Part  of  a  filament  in  a  natural  condition  :  a,  cell- 
membrane;  e,  primordial  utricle  or  protoplasm;  x,  situation  where  division  is  about  to 
take  place.  11  &  C.  Stages  of  the  formation  of  a  septum  at  .r,  the  filament  having  been 
treated  with  alcohol :  a,  wall  of  the  parent  cell ;  6,  walls  of  the  new  cells;  c,  protoplasm. 
D.  Septum  of  old  filament  treated  with  dilute  sulphuric  acid,  to  swell  up  and  separate 
the  laminre  of  the  cell-wall  and  contract  the  protoplasm;  a,  wall  of  parent  cell;  b, 
wall  of  daughter  cells;  c,  protoplasm.   Magn.  200  diam. 

695.  The  principal  varieties  which  this  process  exhibits  depend 
on  the  character  of  the  tissue  to  which  the  dividing  cell  belongs. 
In  filamentous  Confervoids  this  division  takes  place  in  most  cases 
both  in  the  end  cell  of  a  filament  (apical  growth)  and  in  cells  form- 
ing links  further  down  (intercalary  growth) ;  in  each  case  the  parent 
cell  elongates  more  or  less  beyond  the  ordinary  measure  before  di- 
viding, and  the  new  cells  each  grow  until  they  equal  the  adult 
length  of  the  parent.  In  the  branched  Cladophora}  (fig.  465,  b) 
&c.  the  parent  cell  sends  out  a  lateral  arm,  which  is  at  first  a  pouch 
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with  its  cavity  continuous  with  that  of  the  parent ;  and  this  is  sub- 
sequently shut  off  by  a  lateral  septum  formed  in  the  manner  above 
described.  The  basidiospores  of  the  Agarics  &c,  and  the  spores  of 
Penicillium,  Botnrytis,  and  the  allied  forms  of  Fungi,  are  produced  in 
the  same  way,  as  also  are  the  conidia  of  the  "  Yeast-fungus,"  the  new 
cells  emerging  like  bubbles  blown  out  from  the  wall  of  the  parent 
cell,  and  becoming  subsequently  shut  off  by  a  similar  process.  In 
the  Phanerogamia,  the  cells  of  the  growing  points,  as  of  the  apex 
of  buds  and  roots,  of  the  cambium-layer  of  the  stem,  &c,  multiply 
while  very  minute,  so  that  it  is  not  so  easy  to  trace  the  changes ; 
but  cell- division  may  be  readily  observed  in  the  epidermal  hairs  of 
the  highest  plants,  and  the  protoplasm  is  observed  to  be  equally 
efficient  as  the  agent  of  multiplication  in  these.  The  direction  in 
which  the  division  takes  {dace  is  usually  horizontal,  sometimes 
oblique,  rarely  if  ever  strictly  vertical.  It  will  readily  be  surmised 
that  the  form  of  the  organs  and  the  mode  in  which  the'y  ramify  may 
depend  materially  on  the  form  of  the  terminal  or  apical  cells,  and  on 
the  direction  in  which  they  divide. 

The  production  of  complete  cells  within  cells,  the  septa  dividing  the 
new  chambers  being  continuous  with  new  laminre  deposited  on  the  old 
wall  of  the  parent  cells,  may  not  only  be  observed  directly  in  Cladophora 
(fig.  534,  d),  but  is  beautifully  proved  by  allowing  filaments  of  Spirogyra 
to  decay  in  water  ;  but  these  break  up  into  lengths  of  eight,  four,  and  two 
cells,  and  at  last  into  single  short  cells,  by  the  solution  of  the  membranes 
from  without  inwards. 

The  softening  and  swelling  up  of  these  parent  membranes  doubtless 
give  rise  to  the  semigelatinous  coat  of  many  of  the  lower  Algae,  espe- 
cially the  Nostochincce  and  Palmellece.  In  the  cells  of  the  parenchymatous 
tissues  of  the  higher  plants,  their  parent  membranes  are  mostly  lost  sight 
of  by  being  expanded  to  extreme  tenuity,  since  the  cells  here  usually  in- 
crease very  much  in  size  after  their  first  formation.  In  woody  tissues, 
formed  from  canibium-cells,  they  are  mostly  so  thin  as  to  be  almost  im- 
perceptible ;  but  it  appears  as  though  in  some  instances  they  became 
transformed  into  a  kind  of  cement  gluing  the  cells  together,  but  capable 
of  being  dissolved  by  nitric  acid  so  as  to  set  the  wood-cells  free. 

696.  Cell-division  occurs  as  a  forerunner  of  free-cell  formation  in 
many  cases,  when  a  tissue  is  about  to  give  birth  to  a  great  number 
of  free  cells  ;  as  in  the  formation  of  the  pollen-grains  in  anthers,  and 
the  spores  in  the  sporanges  of  the  higher  Cryptogamia,  where  the 
structure  is  in  the  first  instance  developed  into  a  quantity  of  chambers 
by  cell-division,  each  of  the  compartments  then  producing  a  free  cell. 

This  must  be  borne  in  mind  presently,  when  we  come  to  speak  of  the 
modifications  of  free-cell  formation. 

697.  The  essential  character  of  free-cell  formation  lies  in  the  cir- 
cumstance that  the  protoplasm  which  produces  the  primary  cel- 
lulose wall  of  the  new  cell  previously  becomes  separated  from  the 
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wall  of  the  parent  cell,  so  that  the  new  cell  is  free  (or  loose)  in  the 
cavity  of  the  parent. 

The  modifications  of  free- cell  formation  are  numerous. 

698.  The  simplest  case  is  where  the  protoplasm,  enclosing  the 
whole  contents  of  the  parent  cell,  separates  all  over  from  the  wall 
of  the  parent  cell,  and,  while  thus  free,  produces  a  cellulose  membrane 
over  its  whole  surface,  which  constitutes  the  wall  of  a  new  cell. 

This  takes  place  in  the  formation  of  the  parent  cells  of  the  pollen,  in 
the  cells  of  the  parenchymatous  tissues  of  the  central  region  of  the  anther, 
and  sometimes,  hut  not  always,  in  the  formation  of  the  pollen-grains.  It 
appears  to  occur  also  in  the  formation  of  the  parent  cells  of  the  spores  of 
Mosses,  Hepaticae,  Ferns,  &c.  It  is  more  readily  observed,  accompanied, 
however,  by  special  phenomena  previously  taking  place  in  the  "  contents,'" 
in  the  formation  of  the  resting-spores  of  the  Confervoid  Algse.  In  OEdo- 
gonium  the  whole  contents  of  the  parent  cell  of  the  spore  become  isolated, 
and,  secreting  a  new  coat,  form  a  free  cell,  which  escapes  by  the  dehiscence 
of  the  parent  cell.  The  resting-spore  of  Spirogyra  is  formed  in  a  similar 
manner,  hut  around  the  blended  contents  of  the  two  conjugated  cells  (fig. 
465,  A)  ;  the  sporanges  of  Desnridiaceas  are  formed  in  a  similar  manner. 

The  real  character  of  the  phenomena  presented  here  is  well  illus- 
trated by  comparing  the  formation  of  the  resting-spore  of  Oficlo- 
r/onium  with  the  propagation  of  the  same  plant  by  zoospores  (fig.  535). 
In  the  latter,  the  whole  contents  of  a  parent  cell  escape  into  the 
water  (5,  c)  and  assume  a  globular  form,  bounded  simply  by  the 
primordial  utricle  or  denser  portion  of  the  protoplasm  (e),  and  it  is 
only  after  a  time  that  the  cellulose  membrane  constituting  the  coat 
of  the  new  cell  is  produced  on  the  surface  (/). 

Fig.  535. 


Development  of  zoospore  in  (Edoaonium.:  a,  parent  fllnment;  6,  a  joint  breaking  aprons  tn 
emit  its  contents;  c,  a  more  advanced  stage  (the  globular  mass  of  contents  (nascent  zoo- 
spore) still  within  a  cellulose  pellicle);  d  empty  parent-cell;  the  zoospore  escm?ed 
from  it  with  its  crown  of  c.lia  formed ;  /,  the  zoospore,  after  it  has  settled  down  become 
encysted  by  a  cellulose  coat,  and  begun  to  grow  into  a  new  filament.   Ma»n  200  diani 
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Fig.  536. 


699.  A  case  closely  analogous  to  this  is  where  the  whole  contents  of 
the  parent  cell  become  parted  into  four  or  more  portions,  collectively 
filling  the  parent  cell,  but  free  from  it,  so  that  when  they  secrete 
their  membranes  they  become  so  many  free  cells,  which  escape  by 
the  bursting  or  solution  of  the  parent  cell. 

This  case  occurs  frequently,  with  the  production  of  four  cells,  in  the 
development  of  pollen-grains  and  the  spores  of  the  higher  Cryptogamia. 
Sometimes  there  is  a  certain  irregularity  in  such  cases,  the  parent  cell 
either  becoming  really  chambered  by  cell-division,  and  forming  one  cell 
in  each  of  the  four  chambers,  or  at  once  giving  birth  to  the  four  free 
cells. 

Other  instances  of  this  modification  are  found  in  the  development  of  the 
spores  of  the  asci  of  Lichens  and  Mosses,  apparently  also  in  the  tetra- 
epores  of  Florideae.  The  development  in  this  way  of  new  cells  which 
escape  from  the  parent  cell  as  naked  utricles,  is  observed  in  the  spores  of 
Fucus,  and  in  the  zoospores  of  many  Confervoids,  which  are  formed  in 
fours  in  each  cell  (Ulva,  Coleocheete,  &c). 

The  resolution  of  the  whole  contents  of  a 
cell  into  a  great  number  of  free  cells  occurs 
in  the  formation  of  the  very  numerous  zoo- 
spores of  Cladophora  (fig.  465,  c,  d)  and 
Achlya,  with  the  formation  of  the  new  cell- 
membrane  after  their  escape  from  the  cavity 
of  the  parent ;  and  what  is  observed  in  these 
cases  leads  to  the  conclusion  that  a  similar 
mode  of  development,  going  on  to  the  com- 
pletion of  the  cells  within  the  parent,  occurs 
in  the  formation  of  the  parent  cells  of  the 
spermatozoids  or  antheridia  of  the  higher 
Crvptogamia,  where  a  great  number  of  minute 
free  cells  are  developed,  and  are  found  free  in 
the  cavity  of  a  large  parent  cell.  The  forma- 
tion of  the  new  fronds  of  Hydrodictyon  is  a 
remarkable  case  of  the  resolution  of  the  whole 
contents  of  a  cell  into  a  vast  number  of  free 
cells,  which  acquire  their  cellulose  coats  and 
cohere  into  a  new  network  within  the  parent 
cell. 

700.  In  the  formation  of  the  germinal 
vesicles  in  the  embryo-sac  of  the  Phanero- 
gamia,  and  probably  in  the  cell  correspond- 
ing to  the  embryo-sac  in  the  archegonia  of 
the  higher  Cryptogamia,  a  portion  only  of 
the  protoplasmic  substance  of  the  parent  cell 
takes  part,  becoming  isolated  in  the  form  of 
one  or  more  (usually  three  in  Phanoro- 
gamia)  globules  (fig.  536,  A),  one  (or  some- 
times two)  of  which  acquires  a  cellulose 


Development  of  the  embryona 
vesicle  of  Santalum  album. 
A.  The  upper  end  of  the  cm- 
bryo-sae,  with  the  embryonal ; 
corpuscles  (e  v)  yet  devoid  of 
cell-membranes.  B.  The  same 
later,  with  the  pollen-tube  (p  O 
adherent : the  embryonal  venj 
cle  (« t>)  has  acquired  a  cellu- 
lose coat.    Magn.  400  diam. 
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membrane,  and  forms  the  first  cell  of  the  embryo,  or  its  suspensor 
(fig.  536,  B).  The  new  cell  is  here  often  very  much  smaller  than 
the  parent  cell,  and  this  case  thus  offers  the  clearest  and  most  striking 
instance  of  free-cell  formation. 

In  the  embryo-sac  of  many  of  the  Phanerogamia  we  observe,  subse- 
quently to  impregnation,  a  process  of  free-cell  formation  of  a  peculiar  kind, 
the  protoplasm  of  the  embryo-sac  breaking  up  by  degrees  into  numerous 
corpuscles,  which  successively  form  cellulose  coats,  and  apply  themselves 
to  tbe  wall  of  the  embryo-sac,  until  the  layers  meet  in  the  centre,  and 
the  whole  sac  is  filled  up  with  a  parenchymatous  tissue,  the  cells  of  which 
(endosperm-cells)  are  at  first  very  loosely  coherent.  Perhaps  the  parent 
cells  of  the  spermatozoids  are  formed  in  this  way,  in  the  cells  of  the 
antheridia  of  the  higher  Cryptogamia. 

The  formation  of  the  active  zoospore  of  Vaucheria  is  really  a  residt  of 
the  isolation  and  individualization  of  a  portion  of  the  contents  of  the 
parent  cell,  since  here  the  whole  plant  is  one  gigantic  cell;  but  this 
case  is  quite  different  from  the  developments  included  in  the  preceding 
paragraph. 

701.  It  is  still  a  question  what  influence,  if  any,  the  cell-nucleus 
exercises  over  cell-formation ;  all  that  is  certain  is,  that  it  exists  in  the 
majority  of  young  cells,  and  that  in  many  cases  it  divides  (Spiro- 
gyra,  hairs  of  Tradescantia),  or  disappears,  and  gives  place  to  two  (or 
more)  new  ones,  just  before  or  during  the  division  of  the  primordial 
utricle  to  form  the  contents  of  two  (or  more)  new  cells.  The  real 
connexion  of  the  nucleus  with  the  life  of  the  cell  remains  altogether 
obscure. 

The  original  statements  of  Schleiden  regarding  the  formation  of  new 
cells  upon  or  around  a  nucleus  were  incorrect ;  the  nucleus  always  lies 
under  the  primordial  utricle,  on  which  depend  the  structural  conditions 
of  cell-formation,  and  never  in  contact  with  the  cell-membrane.  But  it 
is  quite  possible,  and  even  probable,  that  the  nucleus  may  have  great 
physiological  importance  in  cell-development,  and  may  constitute  the 
focus,  as  it  were,  of  the  physiological  forces  of  the  cell. 

Development  of  vessels,  epidermis,  stomata,  6fc. 

702.  The  different  forms  of  vascular  tissue,  including  the  laticiferous 
vessels,  originate  from  cells.  The  most  usual  course  is  for  a  number 
of  more  or  less  oblong  cells  to  range  themselves  end  to  end  in  longi- 
tudinal series;  after  a  time  the  partitions  between  the  cells  are 
broken  down  or  reabsorbed,  and  a  continuous  tube  results. 

The  immediate  inducing  cause  and  the  precise  manner  in  which 
the  partitions  are  absorbed  are  not  known. 

The  epidermal  cells  arc  in  the  first  instance  usually  smaller  than 
the  other  parenchymatous  cells,  and  more  closely  packed  together. 
They  are  at  first  spherical  or  nearly  so,  but  shortly  assume  the 
usual  flattened  character.    The  epidermis  is  at  first  destitute  of 
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stomata  (§  634) ;  but  these 'organs  are  gradually  developed,  in  the 
following  manner.  In  certain  of  the  cells  the  nucleus,  previously 
in  contact  with  the  cell-wall,  becomes  detached  from  it  and  sub- 
divides into  two  nucleoli ;  the  parent  cell- wall  then  forms  a  septum 
between  them ;  and  thus  two  cells  arc  formed,  at  first  in  apposition, 
but  which  subsequently  separate  and  leave  an  opening  (the  stoma) 
between  them.  At  the  time  that  this  is  going  on,  wide  inter- 
cellular spaces  are  formed,  into  which  the  stomata  open. 

Development  of  the  Stem  Sfc. 

703.  The  general  course  of  development  in  the  stem  has  been  already 
alluded  to  in  the  case  of  the  acrogenous,  endogenous,  and  exogen- 
ous types  respectively.  Growth  in  length  is  effected  through  the 
agency  of  the  growing  points,  which,  when  surrounded  by  leaf-scales 
and  rudimentary  leaves,  form  buds. 

These  buds,  in  the  first  instances,  are  little  conical  eminences  consisting 
exclusively  of  cellular  tissue,  the  constituent  cells  of  which  speedily  range 
themselves  in  three  divisions,  which  may  be  termed  the  central,  cortical, 
and  epidermal  series.  Of  these,  the  central  series  forms  the  mass  of  the 
young  bud ;  its  cells  divide  at  first  in  all  directions,  but  subsequently  in 
linear  series ;  the  epidermal  cells  divide  by  horizontal  and  parallel  sub- 
divisions ;  the  cells  of  the  intermediate  cortical  series,  in  the  first  instance, 
grow  more  after  the  fashion  of  the  central  cells.  When  leaves  or  branches 
commence  to  be  formed,  the  outer  cells  of  the  central  mass  divide  by  lon- 
gitudinal partitions,  at  the  same  time  that  the  central  mass  itself  exchanges 
its  conical  for  a  cylindrical  form,  ultimately  constituting  the  medulla  or 
pith.  The  form  and  position  of  these  growing  points  depend  materially 
on  the  form  of  the  primordial  cell,  and  on  the  direction  (longitudinal, 
transverse,  or  oblique)  of  its  partitions. 

704.  The  form  and  mode  of  branching  of  the  stem  depend  mate- 
rially on  the  position  and  arrangement  of  the  buds. 

Misled  by  certain  appearances  well  calculated  to  produce  a  false 
impression,  botanists  at  one  time  attributed  the  formation  of  woody 
matters  in  root  and  stem  to  a  progressive  downward  action :  thus 
the  new  cells  were  supposed  to  be  formed  from  above  downwards. 
It  is  not  necessary  to  state  the  arguments  on  which  this  theory  was 
based,  as  it  has  been  completely  set  aside  by  the  researches  of  Trecul 
and  others,  which  show  that  the  new  tissues  arc  formed  at  the  spot 
where  they  are  seen,  and  are  not  formed  from  above  downwards.  Both 
bark  and  wood  cooperate  in  the  formation  of  new  wood  :  and  either 
of  them  may  form  woody  or  cortical  tissues  without  the  intervention 
of  the  other. 

There  is  reason  to  believe  that  the  growth  of  the  stem  of  trees  takes 
place  principally  in  the  summer  months,  and  that  comparatively  little  in- 
crease takes  place  either  in  spring  or  in  autumn,  though  in  the  latter 
period  the  new  growths  are  consolidated. 
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Development  and  Growth  of  the  Boot. 

705.  The  mode  in  which  the  root  grows  and  is  developed  has  been 
already  treated  of  (§§  680-682) ;  but  a  few  words  may  here  be  said 
as  to  the  formation  of  adventitious  roots. 

These  formations  usually,  but  not  universally occur  in  places  where  the 
atmosphere  is  warm,  stagnant,  and  loaded  with  moisture.  If  a  ring- 
shaped  piece  of  bark  be  taken  from  the  stem,  roots  are  formed  from  above 
the  wound,  but  not  from  below — a  circumstance  supposed  to  be  due  to 
the  accumulation  of  organizable  matter  above  the  wound ;  but  by  others 
it  is  considered  to  be  owing  to  the  absence  of  oxygen.  Portions  of  willow- 
stems  decorticated  as  above  described  and  grown  in  water  will  produce 
roots  below  the  incision  if  exposed  to  the  light,  and  none  above  the 
water ;  and  by  covering  the  glass  with  black  paper,  and  thus  preventing 
the  access  of  light,  M.  Bcihm  has  succeeded  in  reversing  the  phenomenon. 
The  portions  of  the  stem  in  the  water  have  been  found  by  experiment 
to  give  out  oxygen  under  the  influence  of  light. 

706.  The  downward  direction  of  growth  of  the  roots,  as  contrasted 
with  the  generally  upward  growth  of  the  stem  and  its  subdivisions,  is 
one  of  the  most  remarkable  phenomena  of  plant-life.  In  the  case  of 
the  root,  one  principal  reason  for  the  downward  growth  is  the  greater 
amount  of  moisture  received  from  that  side.  The  root  grows  by 
development  just  within  the  apex ;  and  the  multiplication  of  the  cells 
in  that  situation  is  dependent  on  a  free  supply  of  moisture.  The 
instances  of  roots  of  trees  growing  in  the  direction  of  water- 
courses or  drains  illustrate  this ;  and  when  plants  are  grown  in  close 
glass  cases  their  roots  are  sometimes  seen  to  rise  above  ground  when 
the  confined  atmosphere  is  very  moist.  We  have  more  than  once 
observed  the  roots  of  bulbous  plants,  growing  in  water  or  in  damp 
sand,  coil  themselves  in  spirals.  Other  assigned  reasons  are  depen- 
dent on  the  circumstance  that  the  soft  yielding  extremity  of  the 
young  root  penetrates  the  interstices  of  the  soil,  and  is  pushed  down 
by  the  dilatation  and  expansion  of  the  older  portions  above.  The 
downward  direction  of  the  root-hairs,  when  present,  would  also 
facilitate  downward  growth,  and  prevent  the  root  from  being  pushed 
up; 

The  action  of  gravitation  has  also  been  considered  to  have  some 
influence  over  the  downward  growth,  and  also  the  varying  degrees 
of  tension  manifested  by  the  tissues  in  the  different  regions  of  the 
stem  and  of  the  root  respectively,  pith,  rind,  &c,  such  tension  being 
directly  dependent  on  the  activity  of  the  nutritive  processes  in  the 
i  growing  tissues.    The  combined  action  of  the  causes  just  mentioned 
lis  supposed  to  account  for  the  varying  direction  and  curvature  of  the 
organs  of  plants;  but  this  explanation  docs  not  appear  to  be  wholly 
•  satisfactory. 
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Development  and  Growth  of  Leaf-organs. 

707.  The  leaves  (and  all  their  metamorphosed  forms,  such  as  the 
parts  of  the  flowers  &c.)  originate  just  beneath  the  absolute  apex  of 
the  stem,  by  cell-division  of  the  terminal  cells— which  results  in  the 
deflection  to  one  side  of  a  small  group  of  cells  forming  a  conical  papilla, 
or  the  formation  of  an  annular  collar  (sheathing  leaves),  which  de- 
velopes  into  an  independent  lateral  organ.  These  leaves  always  arise 
one  after  another,  in  order  regulated  by  the  laws  of  Phyllotaxy 
(§  60).  The  papillae  from  which  leaves  originate  are  at  first  wholly 
cellular ;  after  a  time  elongated  cells  are  formed  in  the  centre  ;  and 
these  are  followed  by  spiral  vessels  formed  in  a  direction  from  the 
base  upwards. 

As  a  rule,  the  first  part  of  the  leaf  formed  is  its  point,  which  is 
gradually  pushed  out  by  development  at  the  point  of  junction  of  stem 
and  leaf;  but  interstitial  multiplication  also  occurs  in  different  parts 
of  the  leaf  (especially  in  stalked  leaves) . 

The  pushing-out  of  the  leaf  by  development  at  its  base  may  be  well 
observed  in  the  leaves  of  Hyacinth-bulbs  developed  in  early  spring.  Not 
only  are  the  tissues  (epidermis,  &c.)  younger  below,  but  the  relative 
growth  of  the  parts  may  be  demonstrated  by  making  a  series  of  marks  at 
equal  distances  up  the  leaf  and  watching  the  proportionate  extent  to  which 
they  become  separated.  The  same  process  gives  very  instructive  results 
when  applied  to  the  measurement  of  the  growth  of  the  roots  of  the  same 
plants,  and  is  easily  carried  out  with  bulbs  grown  in  glasses  of  water. 

708.  The  basilar  or  basipetal  mode  of  leaf-formation  above  described 
is  that  which  is  most  frequent ;  but  in  some  instances  the  apex  of  the 
leaf,  instead  of  early  losing  its  power  of  growth,  continues  to  grow 
and  develope  new  cells  in  that  situation,  the  cells  at  the  base  of  the 
leaf,  in  these  cases,  being  the  oldest.  This  mode  of  leaf-formation 
is  called  basifugal. 

These  modes  of  leaf-formation  may  be  well  seen  in  the  case  of  lobed  or 
compound  leaves.  Thus  in  the  Kose  or  Passion-flower  the  terminal  leaflet 
is  first  formed,  and  the  lateral  leaflets  afterwards  from  above  downwards, 
according  to  the  basipetal  plan.  In  Mahonia  and  in  many  Leguniinosae, 
such  as  the  Garden  Pea,  the  lower.leaflets  are  formed  first  and  the  others 
subsequently,  according  to  the  basifugal  plan.  The  lobes  or  notches  of 
simple  leaves  are  in  like  manner  formed  in  one  or  the  other  of  the  methods 
just  alluded  to.  The  stipules  are  often  developed  before  the  leaf-blade  ; 
when  otherwise,  they  are  probably  lateral  developments  from  the  petiole 
rather  than  separate  organs.  _  _  . 

Sometimes  the  two  modes  of  leaf-formation  above  described  coexist  i 
the  same  leaf;  that  is  to  say,  the  lobes  of  a  leaf  maybe  formed  from  abov 
downwards,  while  the  nerve  passing  into  each  of  them  gives  off  its  branche 
from  below  upwards. 

709.  The  opposition,  alternation,  or  spiral  arrangement  of  organs 
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depends  on  the  period  at  which  they  are  developed :  thus,  if  two  or 
more  leaf-organs  be  developed  at  the  same  time  and  in  equal  degree, 
a  whorl  is  produced ;  if  the  development  be  successive,  not  simulta- 
neous as  in  the  preceding  instance,  the  organs  are  then  arranged 
alternately  or  spirally. 

The  development  of  the  several  parts  of  the  flower  takes  place 
after  the  same  fashion  as  that  just  mentioned  in  the  case  of  leaf- 
organs  in  general. 

The  causes  producing  irregularity  and  deviations  from  the  typical 
floral  symmetry  have  been  already  alluded  to  (§  147  et  seqq.).  It 
should  be  remembered,  however,  that  these  irregularities  are  often 
congenital,  i.  e.  exist  from  the  very  beginning ;  in  other  cases  the 
symmetry  is  perfect  at  first,  but  becomes  subsequently  changed. 

Usually  the  floral  tubercles  representing  the  origin  of  the  several 
organs  originate  separately ;  but  sometimes  a  cellular  ring-like  pro- 
jection is  first  emitted  from  the  stem,  and  from  this  sheath-like 
structure  are  evolved  the  floral  organs. 

Compound  stamens  (§  199)  or  phalanges  of  stamens  originate  as 
simple  tubercles,  from  the  sides  of  which  originate  the  secondary 
staminal  tubercles  from  above  downwards,  as  in  Mallows,  the  whole 
course  of  development  here  precisely  resembling  what  takes  place 
in  the  compound  leaves  of  some  Passion-flowers  or  of  the  Rose. 

The  ovule  arises  from  the  placenta  as  a  cellular  papilla,  the  nucleus 
(fig.  537,  a).    Around  the  base  of  this  is  formed  a  cellular  ring, 

Fig.  537. 

a  6  o  d 

a 

Development  of  ovule :  a,  primary  nucleus,  invested  at  b  by  the  primine,  and  this  by  the 
secundine  (c) ;  at  d  the  ovule  has  become  anatropous. 

which  gradually  lengthens  from  the  base  upward  into  a  tubular 
sheath  or  coat  of  the  ovule  (6).  The  succeeding  coats,  which  vary  in 
number  in  different  plants,  are  formed  in  like  manner,  are  wholly 
cellular,  and  leave  at  the  apex  a  small  hole,  the  micropyle  (§  236). 
During  the  growth  of  the  coats  of  the  ovule  a  change  in  direction 
usually  occurs,  so  that  the  ovnle  becomes  inverted  (§  238).  The 
structure  and  mode  of  development  of  the  pollen  and' of  the  ovules 
will  be  further  alluded  to  under  the  head  of  the  Physiology  of  the 
Reproductive  Organs. 

From  what  lias  been  said  on  the  morphology,  structure,  and  mode  of 
development  of  the  several  organs,  it  will  be  seen  that  all  the  organs  of 
flowering-plants  may  be  reduced  to  two  types— that  of  the  axis,  and  that 
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of  the  leaf;  and,  indeed,  it  is  not  possible  in  all  cases  to  distinguish  be- 
tween stem-organ  and  leaf-organ.  1  he  distinguishing  character  least  liable 
to  exception  consists  in  the  circumstance  that  a  bud  may  be  and  is  con- 
stantly formed  at  the  apex  of  a  stem,  while  it  is  never  developed  from  the 
apex  of  the  leaf-organ.  Another  distinction  consists  in  the  relative  posi- 
tion of  the  cambium  layer  (§  685).  Two  opposite  modes  of  growth,  the 
definite  and  the  indefinite,  occur  in  stem-organ  and  in  leaf-organ ;  and  to 
one  or  the  other  of  them  may  be  referred  all  the  variations  in  form  and 
mode  of  development. 


CHAPTER  III. 

GENEEAL  CONSIDEEATIONS  ON  THE  PHYSIOLOGY  OF 

PLANTS. 

710.  What  are  termed  physiological  phenomena  are  manifesta- 
tions of  a  peculiar  force  or  forces,  the  presence  of  which  in  any  body 
marks  the  existence  of  what  is  called  life  or  vitality. 

The  vital  force  appears  to  present  certain  modifications.  In  plants 
there  exists  only  an  organizing  power ;  while  in  animals  there  is 
superadded  to  this  what  is  called  nervous  force,  connected  with  the 
presence  of  a  self-determining  will,  and,  in  the  higher  classes  of 
animals,  with  a  far  greater  subordination  and  mutual  dependence  of 
the  organs  than  occurs  in  plants. 

This  statement  is  somewhat  general,  applying  only  to  the  two  King- 
doms, Vegetable  and  Animal,  as  wholes ;  for  there  exist  animals  of  simple 
organization  exhibiting  no  more  definite  traces  of  the  existence  of  a 
nervous  force  than  we  find  in  certain  plants,  or  structures  of  plants.  For 
example,  it  is  scarcely  possible  to  point  out  any  important  physiological 
difference  between  the  zoospores  of  the  Confervoids  and  the  Protozoa 
such  as  Amoeba  and  allied  forms. 

711.  The  organizing  or  vital  force  of  plants  is  especially  distin- 
guished from  that  of  animals  by  its  relations  to  the  chemical  forces 
regulating  the  changes  of  inorganic  or  mineral  matter.  Plants  are 
nourished  directly  on  mineral  food  ;  animals  can  only  assimilate  sub- 
stances which  have  entered  into  special  combinations  in  the  or- 
ganisms of  plants,  and  assumed  the  condition  of  what  are  called 
(  / 1 funic  compounds. 

Some  plants  live  entirely  on  organic  substances,  as  we  see  in  the  cases 
of  parasites ;  and  the  power  probably  exists  in  plants  generally  to  a  certain 
extent.  In  the  remarkable  class  of  Fungi,  almost  all  the  kinds  live  upon 
dead  or  living  organic  matter.  But  the  power  of  assimilating  inorganic 
food  is  confined  to  plants,  and  is  their  most  remarkable  positive  charac- 
teristic as  contrasted  with  animals. 

Another  important  distinction  between  plants  and  animals,  as  entire 
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kingdoms,  lies  in  the  different  disposition  of  their  organs.  In  plants 
these  are  all  produced  externally :  roots  for  absorption,  leaves  lor  respi- 
ration, &c,  together  with  the  reproductive  organs,  are  all  external.  In 
animals  the  organs  of  "vegetative"  life,  i.e.  of  absorption,  digestion, 
respiration,  &c,  are  enclosed  in  the  interior  of  the  body,  more  and  more 
completely  in  proportion  to  the  complexity  of  the  organization,  the  organs 
of  motion  and  sense  being  thus  brought  out  prominently  externally. 
Animals  feed  by  taking  solid  food  into  an  internal  cavity  (stomach  &c.) 
lined  by  absorbing  structures ;  plants  feed  by  sending  their  roots  into  the 
nourishing-matter  and  absorbing  it,  in  a  liquid  or  gaseous  state,  by  their 

surface.  . 

The  proposed  chemical  distinctions  between  animals  and  plants  must 
be  taken  with  limitation.  The  cellulose  structures  or  hard  parts  of  plants 
have  a  peculiar  ternary  composition  of  carbon,  oxygen,  and  hydrogen ;  but 
the  protoplasmic  matters  contain  nitrogen,  and  resemble  animal  matter. 

Cellulose  occurs  in  the  structure  of  some  animals  (Tunicata)  ;  the  green 
colouring-substance  of  Hydra  viridis  is  undistinguishahle  from  chlorophyll ; 
and  substances  resembling  starch  in  chemical  properties  are  found  here 
and  there  in  animal  bodies. 

712.  A  very  considerable  part  of  the  changes  which  accompany 
the  process  of  organization  are  the  results  of  the  action  of  physical 
and  chemical  forces,  capable  of  being  explained  up  to  a  certain  point 
by  the  known  laws  of  those  forces.  But  in  every  case,  after  referring 
all  the  chemical  and  physical  phenomena  to  their  respective  places, 
there  remains  a  residual  phenomenon  to  be  accounted  for,  which  is 
precisely  the  most  important  of  all,  namely : — that  in  living  organic 
structures  (which  are  always  recognizable  by  a  definite  form,  struc- 
ture, and  composition)  the  laws  of  inorganic  matter  are,  to  all  appear- 
ance, subdued  under  a  higher  influence,  and  caused  to  undergo  modi- 
fications never  occurring  except  in  the  presence  of  living  matter ; 
and  the  peculiar  compounds  of  matter  thus  produced  are  not  only 
made  to  assume  forms,  according  to  definite  laws,  totally  unlike  any 
forms  of  mineral  substance,  but  constitute  bodies  manifesting  a  con- 
tinued interchange  of  material  with  the  surrounding  media,  which, 
instead  of  resulting  in  decomposition,  as  in  mineral  bodies,  effects  a 
reproduction  and  increase  of  the  already  existing  matter. 

The  most  striking  characters  of  plants,  contrasted  with  minerals,  con- 
sist in  the  forms,  and  in  the  faculty  of  development  and  reproduction. 
As  regards  form,  crystals  exhibit  regularity,  obedient  to  certain  definite 
laws,  and  so  far  might  be  compared  with  vegetable  cells ;  some  au- 
thors have  even  termed  the  cell  a  crystal  formed  of  substance  capable  of 
imbibition.  But  there  is  an  essential  difference  even  in  the  structure  of 
crystals  and  cells :  the  crystal  consists  of  a  combination  of  lamina  che- 
mically homogeneous ;  the  cell  is  a  heterogeneous  body,  consisting  in  the 
simplest  cases  of  a  sac  or  excavated  corpuscle  containing  in  its  cavity  a 
substance  differing  chemically  from  the  cell.  Even  in  the  imperfect  free 
primordial  utricles  set  free  as  zoospores  in  the  Confervoids,  this  distinction 
of  wall  and  contents  exists ;  and  it  is  still  more  marked  in  all  complete 
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vegetable  cells,  since  these  possess  a  distinct  and  persistent  cellulose 
membrane. 

The  mode  of  formation  of  the  cell,  too,  is  essentially  different  from 
that  of  a  crystal.  The  latter  is  formed  by  the  simple  deposition  in  a  solid 
form  of  a  compound  dissolved  in  the  "  mother-liquor."  The  protoplasmic 
substance  of  plants  (§  597)  can  only  be  formed  by  protoplasm  already 
existing,  selecting  and  assimilating  substances  present  in  the  surrounding 
medium,  converting  them  into  new  compounds ;  while  the  cell-membrane 
itself,  which  is  the  part  usually  compared  to  the  crystal,  is  likewise  pro- 
duced as  a  new  chemical  compound  by  the  protoplasm,  which  secretes  it  iu 
layers,  unlike  the  protoplasm  both  in  form,  composition,  and  physical 
condition.  When  the  true  nature  of  the  molecular  constitution  of  the 
cell-wall  and  of  the  protoplasm  is  ascertained,  it  is  probable  that  the 
statement  in  this  paragraph  will  require  considerable  modification. 

713.  Organic  structures  are  produced  through  the  agency  of  like 
structures  previously  existing.  Tissues  increase  by  multiplication 
of  the  cells  of  which  they  are  composed ;  cells  are  multiplied  by  the 
resolution  of  existing  (parent)  cells  into  a  more  or  less  numerous 
progeny  of  cells.  Individual  plants  are  multiplied  by  the  separation 
of  a  portion  of  the  substance  of  the  parent  plant  endowed  with  a 
power  of  subsisting  and  developing  itself  independently. 

The  origin  of  organic  beings  from  germs,  i.  e.  more  or  less  complex 
frao-ments  detached  from  a  parent  plant  or  animal,  endowed  with  a  vital 
energy  enabling  them  to  reconstruct  the  entire  organism,  may  be  regarded 
as  an  undoubted  fact,  and  it  forms  one  of  the  most  important  of  the  differ- 
ences between  inorganic  and  organic  bodies.  As  long  as  sulphur,  oxygen, 
and  hydrogen  exist  upon  the  earth,  it  will  be  possible  for  man  to  produce 
sulphuric  acid;  and  if,  in  addition  to  these,  he  have  sodium,  he  may 
cause  the  production  of  crystals  of  sulphate  of  soda  at  will.  But  although 
chemical  analysis  tells  us  that  the  mycelium  of  a  fungus,  such  as  "  Yeast " 
or  the  "  Vinegar-plant,"  consists  of  oxygen,  hydrogen,  carbon,  and  nitro- 
gen, with  small  proportions  of  some  other  elements,  by  no  means  known 
or  likely  to  be  discovered  can  we  cause  the  reproduction  of  these  forms 
of  vegetation,  except  by  having  recourse  to  the  germs  of  the  plants,  and 
setting  them  to  work  to  reproduce  themselves.  This  has  been  proved  by 
numerous  careful  experiments,  and  the  idea  of  a  spontaneous  generation  of 
organic  bodies  is  now  exploded.  The  origin  of  each  species  of  plant  or 
animal  must  be  regarded  as  the  result  of  a  distinct  act  of  creation.  W  hen, 
through  unfavourable  circumstances,  all  the  individuals  and  all  the  germs 
of  a  species  are  destroyed,  that  species  disappears  from  the  globe*. 

714.  The  organization  of  plants  is  regulated  by  a  series  of  laws 
which  exhibit  different  degrees  of  generality. 

*  Since  the  publication  of  the  first  edition  of  this  work  renewed  interest  has 
been  given  to  this  question  owing  to  the  controversy  between  M.  Pasteur  and  VL 
Pouchet  and  their  respective  adherents.  The  fac to  and  arguments  adduced  by 
M  Pouchet  go  far  in  support  of  the  doctrine  of  «  heterogamy  »  and  a.  any  rate 
show  that  the  above  statement  is  too  sweeping  in  its  character.  The  student  wiU 
do  well  to  consider  it  to  a  large  extent  an  open  question,  and  to  remember 
tTC  whicheTview  may  idtimately  be  adopted,  the  miracle  remains  the  same. 
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715.  The  most  general  law  of  all  is  that  under  which  proto- 
plasmic substance  assimilates  inorganic  or,  more  rarely,  organic 
matter,  and  produces  the  closed  cellular  sacs  called  vegetable  cells 
(§  562).    This  affects  all  vegetable  structure  whatsoever. 

The  Fungi  and  parasites  live  on  organic  matter;  and  this  is  probably 
the  case  to  a  great  extent  with  cultivated  plants  grown  with  excess  ot 
organic  manures.    This  will  be  referred  to  hereafter. 

716.  One  degree  less  general  are  the  laws  regulating  the  forms  of 
the  cellular  sacs  or  cells  (§  568). 

These  determine  at  the  same  time  the  specific  form  of  the  plant  in  the 
Unicellular  Algae. 

717.  Next  follow  the  laws  of  development  of  the  secondary  de- 
posits upon  the  walls  of  the  cells  (§  579),  which  are  valid  throughout 
the  whole  Vegetable  Kingdom,  but  more  and  more  complex  in  the 
successively  higher  classes. 

718.  The  laws  of  combination  of  the  cells  into  tissues  (§  614)  are 
a  little  less  general,  the  diversity  increasing  here  again  in  proportion 
to  the  higher  position  of  the  species. 

719.  The  laws  regulating  the  forms  of  organs  are  of  very  great 
importance  and  interest ;  and  in  these  we  have  to  distinguish  two 
aspects,  or,  it  may  be  said,  two  coexistent  series. 

720.  The  principal  Classes  of  Plants  (see  p.  10)  are  characterized 
by  respectively  possessing  a  peculiar  type  or  plan  of  combination 
of  the  organs,  having  not  only  a  morphological  but  a  physiological 
speciality.  The  type,  more  or  less  recognizable,  is  a  mark  of  the 
existence  of  a  common  law  of  organization  throughout  each  class. 

721.  Within  the  limits  of  the  Classes  exist  almost  infinite  varieties 
of  form,  referable  to  morphological  laws  which  have  been  investigated 
in  the  First  Part  of  this  work.  A  complicated  but  graduated  and 
interconnected  body  of  laws  was  there  shown  to  regulate  the  vari- 
ations of  forms  in  plants  generally. 

722.  Lastly,  in  the  description  of  the  Natural  Orders  of  plants, 
it  will  have  been  recognized  that  there  are  still  more  special  laws  of 
development,  causing  the  existence  of  resemblance  in  limited  groups 
of  species  ;  and,  beyond  this,  every  species  or  kind  of  plant  (§  311) 
has  its  form  and  mode  of  life  more  or  less  definitely  fixed  and  re- 
gulated by  its  special  law  of  organization. 

These  reflections  enable  us  to  explain  simply  the  terms  higher  and 
lower  classes  or  species  of  plants.  In  the  Protococeus,  consisting  of  a 
simple  cell,  the  specific  law,  that  which  determines  the  characteristic 
form,  follows  immediately  on  the  first  (§  715)  of  those  above  indicated. 
In  a  Conferva,  the  second  and  third  (§§  716,  717)  are  both  involved;  and 
the  specific  law  at  once  succeeds  these.  Proceeding  step  by  step,  we  shall 
find  species  in  which  there  is  a  diversity  of  forms  of  the  cell  and  of 
tissues  (higher  Algae)  ;  next,  of  these  and  an  additional  diversity  of  organs 
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(leafy  Cryptogamia^) ;  and  then  come  into  play  the  laws  of  the  physio- 
logical and  morphological  types  of  combination  of  organs,  which  are  most 
complicated  in  the  Flowering  Plants,  in  the  development  of  which,  how- 
ever, from  the  original  germ,  or  embryonal  vesicle,  we  may  trace,  in  a 
graduated  series,  the  commencement  of  the  operation  of  the  successive^ 
less  general  laws  of  organization. 

723.  Not  only  do  different  plants  display  great  diversities  in 
structure  and  composition,  but  each  individual  plant  offers  more  or 
less  diverse  characters  at  different  periods  of  life. 

Plants  commence  their  independent  individual  life  in  the  form  of 
a  cell  or  a  group  of  cells  separated  from  a  parent  organism.  In  the 
lower  plants  such  cells,  once  fully  developed,  as  spores  or  gonidia, 
are  capable,  under  suitable  circumstances,  of  growing  up  into  complete 
plants.  In  the  higher  Classes  these  cells  (embryonal  vesicles,  or  the 
■primary  cells  of  a  leaf -bud)  go  through  the  earlier  stuges  of  develop- 
ment connected  with  the  parent  organism,  and  are  detached  (as  seeds 
or  as  bulbils,  &c.)  already  provided  with  rudimentary  organs  of 
vegetation. 

724.  In  those  cases  where  the  detached  bodies  are  products  of 
simple  vegetative  cell -division,  they  often  proceed  at  once  to  grow 
up  into  new  plants  (gonidia,  zoospores),  but  more  frequently  their 
vitality  remains  latent  for  a  certain  definite  period  (bidbils,  spores  of 
Mosses,  Ferns,  &lc.)  ;  and  when  the  body  is  a  result  of  sexual  repro- 
duction, it  almost  always  remains  for  a  more  or  less  indefinite  period 
(capable  of  being  shortened  or  prolonged  within  certain  limits  by 
external  causes)  in  a  state  of  rest  (seeds,  resting-spores  of  Alga,  &c), 
and  then  undergoes  peculiar  internal  changes  before  recommencing 
development  (germination)  in  order  to  grow  up  into  a  new  plant. 

Seeds  and  resting-spores  (and  to  a  less  extent  the  resting-organs  pro- 
duced in  vegetative  propagation,  as  bulbs,  tubers,  &c.)  are  organized  in  a 
manner  especially  adapted  to  preserve  the  latent  vitality  from  injury  by 
external  influences.  They  can  withstand  great  variations  of  heat  or  cold, 
especially  in  the  absence  of  moisture.  Most  seeds  will  bear  a  temperature 
very  far  below  freezing-point  if  kept  dry,  and  many  will  even  bear  an  ex- 
posure to  100°  or  110°  Fahr.  in  dry  sand.  Prolonged  immersion  in  water 
at  120°  kills  most  seeds,  unless  the  skin  is  very  thick  and  they  contain 
oil  instead  of  starch  in  the  endosperm  (§  299).  Some  seeds  will  bear  a 
short  immersion  in  boiling  water  (  Veronica)  ;  hut  the  seeds  of  Cereals, 
Beans,  Linseed,  and  other  plants  scarcely  survive  a  15  minutes'  soaking 
in  water  of  110°,  while  thev  will  bear  140°  in  steam,  and  170°  in  dry  air. 

Some  seeds  naturallv  lose"  their  vitality  very  soon ;  this  is  the  case  with 
the  seeds  of  Cofea,  Magnolia,  &c. ;  while  other  instances  are  related  in 
which  it  has  been  preserved  for  centuries.  The  cases  related  of  the 
germination  of  Wheat  taken  from  Egyptian  Mummies  are  perhaps  doubt- 
ful: but  weU-authenticated  instances  exist  of  long  preservation. 

The  resting-spores  of  Confervoids  (Protococcus)  have  been  revived  after 
remaining  for  years  in  herbaria;  and  it  is  in  curious  relation  to  then; 
growth  in  shatiow  pools,  often  dry  in  summer,  that  the  resting-spores  of 


GENERAL  PHYSIOLOGICAL  CONSIDERATIONS. 


547 


these  plants  appear  to  require  to  be  dried  before  they  will  germinate. 
Mr.  Mimby  has  recently  recorded  (1869)  that  he  found  a  bulb  ot  a  species 
of  Narcissus  sprouting  in  his  herbarium  after  it  had  been  gathered  (in 
Algeria)  upwards  of  twenty-two  years.  This  bulb,  removed  into  the 
greenhouse  and  potted,  has  since  produced  flowers. 

725.  Plants  are  subject  to  a  periodicity  in  their  vital  phenomena, 
partly  dependent  on  their  own  laws  of  growth,  partly  on  the  seasons 
in  the  climate  where  they  grow.  As  dependent  on  special  laws  may 
be  noted  the  differences  between  annual,  biennial,  and  perennial 
plants  (properly  so  called),  between  deciduous-leaved  and  evergreen 
trees,  &c. 

Annual  plants  are  such  as  germinate  from  seed,  produce  their 
whole  vegetable  structure,  flowers,  fruit,  and  seed,  and  die  away  in 
one  season,  between  spring  and  autumn ;  such  are  the  summer 
annuals  of  our  gardens.  Biennials  sprout  from  seed  in  one  season, 
and  bloom,  bear  fruit  and  seed,  and  die  in  the  second ;  the  Turnip, 
Carrot,  Oenothera  biennis,  &c.  are  examples  of  this.  Perennial 
plants  exhibit  several  varieties  of  condition.  Herbaceous  perennials 
(like  the  Daisy,  Primrose,  Garden  Flag,  &c.)  germinate  in  one 
season,  and  produce  a  subterraneous  rhizome,  of  indefinite  duration, 
which  annually  sends  up  a  flowering  shoot  or  shoots.  Other  peren- 
nial plants  of  this  kind  form  one  shoot  which  vegetates  uninter- 
ruptedly for  many  years  before  it  flowers  {Agave  americana,  Talipot 
Palm,  &c.)  ;  and  after  ripening  its  seeds  the  stem  dies  down,  leaving 
usually  a  number  of  offsets  from  the  axils  of  its  leaves  (monocarpic 
perennials). 

Woody  perennials,  trees  and  shrubs,  usually  vegetate  for  several 
years  before  flowering,  but  are  subject  to  periodic  rest,  throwing  off 
their  foliage  and  renewing  it  upon  fresh  shoots  of  the  same  stem  every 
season ;  and  when  they  flower,  the  operation  exhausts  their  accu- 
mulated powers  of  development  so  little  that  they  continue  to  flower 
periodically  (every  season  if  in  favourable  condition)  throughout  life. 

The  "habit"  assumed  by  plants  depends  in  some  degree  on  external 
conditions.  Thus  many  of  our  garden  annuals  are  perennial  in  their 
native  climates;  for  example,  Hicinus  (the  Castor-oil  plant),  Mirabilis,  . 
and  other  genera  are  annual  herbs  with  us,  but  perennial  and  even  woody 
in  warmer  climates.  And  some  annuals  may  be  made  to  vegetate  for  more 
than  one  season  by  removing  the  flower-buds  as  they  appear;  in  this 
way  gardeners  produce  the  so-called  Tree-mignonnette.  The  Winter- 
corn  of  agriculturists  is  really  an  annual  plant,  sown  in  autumn  to  obtain 
stronger  growth,  and  is  not  specifically  different  from  Spring-corn,  sown 
in  spring  and  reaped  in  autumn.  The  common  Cherry-tree  retains  its 
leaves  during  the  whole  year  and  becomes  an  evergreen  in  Ceylon ;  and 
many  similar  instances  of  changed  habit,  the  result  of  altered  condition 
mipht  be  cited. 

For  further  particulars  respecting  the  duration  of  plants,  refer  to  the 
Morphology  of  Stems,  §§  46-55. 
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726.  Tew  perennial  plants  retain  their  appendicular  organs  be- 
yond certain  definite  periods.  Ordinary  deciduous  trees  lose  their 
leaves  in  autumn  in  our  climato  ;  and  previously  to  their  fall  their 
organs  undergo  internal  changes,  in  which  the  assimilated  matters 
are,  for  the  most  part,  removed  and  their  green  colour  altered.  They 
are  generally  cast  off  by  a  regular  fracture  where  they  join  the  stem 
(§§  77,  688) ;  in  the  Oak,  Beech,  and  other  trees  they  die  in  autumn, 
but  do  not  fall  away  at  once,  often  remaining,  when  not  exposed  to 
violent  winds,  until  pushed  off  by  the  expansion  of  the  stem  in  the 
next  spring.  Evergreen  trees  and  shrubs  retain  their  leaves  green 
and  living  until  the  succeeding  season,  when  the  new  leaf-buds  ex- 
pand, as  in  the  Cherry-laurel,  Aucuba,  <fcc. ;  or,  as  in  many  Coni- 
ferae,  they  remain  attached  to  the  stem  for  several  years  (Araucaria 
imbricata,  Thuja,  &c).  In  some  of  these  cases  the  so-called  leaves 
are  probably  foliaceous  branches.  The  leaves  of  arborescent  Mono- 
cotyledons (Palms)  are  also  of  long  duration.  The  parts  of  flowers 
and  ripe  fruits  are  likewise  cast  off  in  most  cases,  although  the  fruits 
from  which  seeds  have  escaped  sometimes  remain  long  attached  in  a 
dead  condition  (Conifers). 

727.  The  axis  (with  its  branches)  is  the  only  permanent  part  of 
the  plant ;  and  the  unlimited  duration  of  this  is  strictly  dependent  on 
the  development  of  leaf-buds  (§  106  et  seqq.).  When  a  shoot  ends  in 
a  blossom-bud,  the  growth  of  that  branch  of  the  axis  is  arrested,  and 
the  prolongation  of  life  depends  either  on  the  axillary  leaf-buds 
situated  below  or  an  adventitious  bud. 

728.  The  production  of  flowers  and  fruit  is  an  exhausting  process : 
it  has  just  been  noticed  (§  725)  that  annuals  may  be  made  to  live 
several  years  by  preventing  them  from  flowering.  The  arrest  of 
growth  of  the  large  and  highly  developed  axes  of  monocarpic  peren- 
nials (Agave,  Talipot  Palm,  &c.)  is  a  necessary  consequence  of  the 
terminal  bud  producing  blossom  instead  of  leaves ;  but  the  formation 
of  propagative  offsets  from  the  leaf-axils  before  death  is  strictly 
dependent  on  the  degree  of  vigour  possessed  by  the  main  axis  at  the 
time  of  flowering. 

729.  The  duration  of  herbaceous  perennials  may  be  regarded  as 
unlimited,  since  they  are  always  placed  in  a  position  to  form  new 
absorbing  organs  (roots)  in  the  vicinity  of  their  buds.  The  durat  ion 
of  trees  is  also  theoretically  unlimited  ;  and  in  many  cases  great  age  is 
attained ;  but  ordinarily  trees  acquire  increased  vigour  with  age  up  to 
a  certain  point,  and  then  begin  to  decline,  a  circumstance  attributable 
to  the  increasing  distance  to  which  the  buds  are  removed  from  the 
roots,  the  obstruction  to  the  flow  of  sap,  the  local  decay  of  the  roots 
and  trunk  from  external  injuries,  &c.  Cuttings  from  old  trees,  if 
taken  from  sound  shoots,  may  be  made  the  foundation  of  new  trees 
as  vigorous  as  the  parents  were  in  their  earlier  years. 
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Palm-trees  grow  to  an  age  of  200  years  or  more ;  the  Draccmce  (Dragon- 
trees)  of  Teneriffe  have  heen  known  as  old  trees  for  centuries.  Oaks, 
Limes,  Cedars,  Yews,  &c.  are  known  to  have  lived  many  centuries ;  and 
other  cases  are  on  record  of  gigantic  trees  whose  age,  deduced  from  the 
number  of  rings  of  growth  of  the  stems,  would  amount  to  upwards  ot 
3000  years.  The  Bertholletice  of  Brazil,  the  Adansonke  of  Senegal,  and 
the  Wellingtonia  or  Sequoia  gigantea  of  California  (363  feet  high  and  31 
feet  in  diameter  at  the  base)  are  examples  of  this. 

730.  In  herbaceous  perennials  the  older  parts  of  the  plant  die  and 
decay  in  a  limited  period  after  the  development  of  the  new  axes.  In 
Dicotyledonous  trees  also,  the  older  part,  which  is  enclosed  by  the 
new  layers,  and  becomes  consolidated  into  heart-wood  (§  670),  must 
be  regarded  as  dead  after  a  certain  period,  ceasing  even  to  carry  sap 
mechanically ;  and  we  see  hollow  trees  of  this  Class  living  and  grow- 
ing, where  the  whole  of  the  older  part  has  been  lost  by  decay,  a  living- 
shell  of  wood  constituting  the  bond  of  connexion  between  the  roots 
and  the  growing  branches  of  the  axis. 

This  death  of  the  older  tissue  is  not  so  common  in  arborescent 
Monocotyledons ;  but  it  is  observed  in  Pandanus  (fig.  9),  where  the 
base  of  the  stem  and  the  old  roots  decay,  new  (adventitious)  roots 
sprouting  out  from  the  living  part  of  the  trunk,  in  a  continual  ad- 
vance upwards. 

The  death  of  a  plant  or  part  of  a  plant  depends  upon  the  death  of  the 
cells  composing  its  tissues.  The  duration  of  the  life  of  individual  cells  is 
very  different,  according  to  their  position  and  function.  Cells  situated  at 
growing-points  (in  buds,  cambium-regions,  tips  of  roots,  &c.)  are  very 
transitory,  since  during  active  vegetation  they  are  continually  divided,  as 
parent  cells,  into  two  or  more  new  cells,  part  of  which  are  left  behind  as 
permanent  cells, — those  situated  at  the  periphery,  or  most  advanced  point, 
becoming  in  turn  the  parent  cells  of  a  new  generation.  The  permanent 
cells  become  parts  of  parenchymatous,  prosenchymatous,  or  vascular  tis- 
sues in  the  vegetative  organs,  or  parts  of  reproductive  structures  in  flowers 
and  fruits.  Thus  they  run  through  a  course  of  life  dependent  in  each 
case  on  the  laws  of  development  of  the  plant,  according  to  which  its 
organs  have  a  shorter  or  longer  duration.  The  death  of  the  organ  or  tissue 
in  which  they  exist  results  from  the  cessation  of  the  vital  activity  of  the 
cells  according  to  these  laws ;  and  their  decay,  from  the  now  unopposed 
operation  of  simple  chemical  forces. 

731.  The  principal  vital  phenomena  exhibited  by  plants  are  con- 
nected either  with  the  maintenance  and  increase  of  the  individual 
organism,  or  with  the  production  of  special  structures  endowed  with 
the  power  of  growing  up  into  new  individuals  when  thrown  off  by 
the  parent. 

We  say  the  principal  vital  phenomena,  because  there  are  some  which 
we  cannot  strictly  affirm  to  belong  to  either  of  the  above  classes,  although 
there  can  be  but  little  doubt  that  they  are  in  some  way  related;  of  the°se 
are  the  movements  of  plants  like  the  Sensitive-plants,  the  folding  U1D  of 
leaves  or  flowers,  &c.  °  1 
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732.  The  processes  of  vegetation,  or  growth  of  the  individual,  are, 
from  the  peculiar  organization  of  vegetables,  connected  with  the 
processes  of  reproduction,  properly  so  called,  by  the  phenomenon  of 
multiplication  or  propagation  through  natural  or  artificial  separation 
of  portions  of  the  structure  which  might  remain  and  form  branches 
of  the  parent  stock.  This  vegetative  propagation,  distinct  in  important 
anatomical  and  physiological  characters  from  sexual  reproduction,  is 
found  in  all  classes  of  plants,  and  from  its  importance  in  relation  to 
cultivation  deserves  separate  consideration. 

The  construction  of  plants  from  a  number  of  like  parts  more  or  less 
physiologically  independent  allows  of  their  being  increased  by  mechanical 
subdivision  of  the  parent  "  stock,"  which  is  effected  by  making  cuttings  &c. 
The  same  occurs  in  the  propagation  of  plants  by  bulbs,  tubers,  &c.  (§  46 
et  segq.).  Through  the  abstract  consideration  of  these  cases  have  arisen 
some  curious  discussions  as  to  the  proper  application  of  the  term  "indivi- 
dual "  in  plants.  It  is  not  worth  while  to  enter  into  these  nice  metaphy- 
sical points ;  for  practical  purposes  it  is  most  convenient  to  regard  as  an 
individual  every  vegetable  body  possessing  all  the  organs  necessary  for 
life,  the  parts  of  which,  however  numerous  and  frequently  repeated  they 
be,  are  organically  coherent  and  have  a  definite  collective  form :  thus  we 
should  regard  the  Oak-tree  as  an  individual,  and  in  like  manner  the  colony 
of  simple  cells  associated  in  the  tb.aH.us  of  Pediastrum  (tig.  462,  B,  a). 

733.  The  Vegetative  processes  of  plants  are  divisible  under  several 
heads,  which,  however,  present  many  points  of  interconnexion. 

Nutrition,  properly  so  called,  can  only  be  said  to  go  on  in  the  pro- 
toplasmic matters  found  in  the  interior  of  cells,  since  it  is  these  sub- 
stances alone  that  exhibit  phenomena  of  consumption  and  reparation. 
The  tissues  of  plants  are,  under  ordinary  circumstances,  never  re- 
newed; the  only  changes  which  they  undergo  are  stages  of  pro- 
gressive development  of  growth,  succeeded  sooner  or  later  by 
decomposition. 

Development  or  organization  constitutes  the  most  striking  mani- 
festation of  the  vegetative  action  ;  but  this  is  a  final  result,  prepared 
from,  and  incessantly  accompanied  by,  phenomena  which  are  re- 
sults chiefly  of  the  regulated  action  of  physical  and  chemical  forces. 

The  subsidiary  operations  of  vegetation  are — absorption  of  food,  dif- 
fusion or  transmission  of  fluid  through  the  organic  structure,  assimi* 
latiQn  of  absorbed  material,  and,  intimately  connected  with  this,  the 
so-called  respiration  and  transpiration.  Secretion  is  more  nearly 
related  to  development  than  to  the  processes  just  enumerated.  The 
relations  of  many  of  the  secretions  of  plants  are  very  obscure. 
Starch,  chlorophyll,  fixed  oils,  sugar,  &c.  arc  of  course  (§§  602-608) 
intimately  connected  with  the  vegetative  growth ;  but  we  have  no 
clue  to  the  importance,  as  regards  the  plant,  of  the  essential  oils, 
resins,  alkaloids,  &c. 

734.  The  Vegetative  Propagation  of  plants  presents  special  modi- 
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fixations  connected  with  the  peculiar  conditions  of  organization  in 
the  different  Classes ;  and  there  are  some  important  considerations 
connected  with  the  contrasts  existing  between  the  results  of  this  and 
of  sexual  reproduction. 

735.  The  Sexual  Reproduction  of  plants  offers  a  series  of  pheno- 
mena of  much  interest  when  viewed  comparatively  through  the  dif- 
ferent great  Classes ;  and  the  phenomena  of  Hybridisation  and  the 
influence  of  sexual  reproduction  in  the  maintenance  of  specific  cha- 
racters require  especial  notice  from  the  vegetable  physiologist. 

As  the  Vegetative  propagation  is  a  process  of  vegetative  life  trenching 
on  the  region  of  reproduction,  so  many  of  the  phenomena  accompanying 
sexual  reproduction  are  properly  special  vegetative  actions  induced  by 
peculiar  stimuli ;  among  these  are  the  phenomena  of  ripening  of  fruits  and 
sporanges,  the  evolution  of  heat  from  flowers,  the  irritable  movements  of 
floral  organs,  &c.  These  and  some  other  unclassed  phenomena  will  be 
most  conveniently  examined  apart.  In  the  succeeding  Chapters  on  Phy- 
siology we  shall  examine  separately  : — 1,  the  processes  of  Vegetation ; 
2,  the  phenomena  of  vegetative  Propagation  ;  3,  the  physiology  of  sexual 
Reproduction ;  and,  4,  various  unclassed  phenomena  met  with  in  a  more 
or  less  limited  range  of  cases  of  vegetable  life. 


CHAPTER  IV. 
PHYSIOLOGY  OF  VEGETATION. 
Sect.  1.  Cbll-Lzpe. 
Movements  of  the  Protoplasm  Sfc. 

736.  Intimately  connected  with  the  early  history  of  the  protoplasm 
of  the  cell  ('§  596)  are  certain  physiological  phenomena  of  the  con- 
tents of  individual  cells,  which  will  be  most  conveniently  described 
here. 

During  the  time  when  the  protoplasmic  contents  of  young  cells 
are  becoming  gradually  hollowed  out  into  spaces  filled  with  watery 
cell-sap  (§  599),  a  regular  movement  of  this  protoplasm  takes  place, 
which  may  be  observed  very  readily  in  young  hairs  of  Phanerogamic 
plants  (fig.  497),  and  which  probably  takes  place  in  an  early  stage  in  all 
other  structures.  This  movement,  which  is  erroneously  called  rotation 
of  the  cell-sap,  is  a  circulatory  movement  of  the  protoplasm  made  per- 
ceptible by  the  minute  opaque  granules  which  exist  in  the  colourless 
fluid.    The  nucleus  is  also  carried  Blowly  along  in  this  movement, 
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Fig.  538. 


Two  apparent  joints  of  a  hair 
of  the  stamen  of  Trade%- 
catitia,  with  nuclei  and  reti- 
culated currents  of  proto- 
plasm.  Mag.  250  diam. 


which, when  the  protoplasm  has  become  converted  into  a  mere  network 
of  cords,  has  the  appearance  of  a  system  of 
reticular  currents  (fig.  538).  This  movement 
of  the  protoplasm  ceases  in  most  cells  before 
they  are  full-grown  ;  but  in  many  aquatic 
plants,  even  of  the  class  Phanerogamia,  the 
protoplasm  does  not  become  excavated  in 
the  same  way  as  it  does  in  the  cells  of  hairs 
&c,  but  applies  itself  as  a  thickish  layer 
upon  the  inside  of  the  cell-walls,  and, 
retaining  its  activity,  performs  a  rotatory 
movement  around  the  wall  of  the  cell  per- 
manently. In  Ohara,  the  moving  layer  of 
protoplasm  is  not  applied  upon  the  cell- wall : 
the  primordial  utricle,  with  the  chlorophyll- 
corpuscles  imbedded  in  it,  lies  on  the  cell- 
wall  motionless ;  and  a  thick  mucilaginous 
layer,  situated  between  this  and  the  central 
cavity  filled  with  watery  cell- sap,  continually 
circulates. 

The  circulation  in  reticulated  currents  is  most  easily  observed  in  young 
hairs  of  the  higher  plants.  The  movement  of  the  parietal  layer  of  proto- 
plasm is  made  very  visible  in  the  leaves  of  Vallisneria  by  the  green  chlo- 
rophyll-corpuscles imbedded  in  it ;  and  it  may  be  well  seen  in  Anacharis, 
in  the  delicate  tissues  of  Hydrucharis,  Stratiotes,  Sec.  It  occurs  in  the 
rootlets  and  other  parts,  as  well  as  in  the  leaves.  The  phenomenon  is 
most  strikingly  shown  in  the  Characere,  especially  in  the  Nitellce,  which 
are  simpler  and  hence  more  transparent  forms. 

This  movement  is  only  affected  by  substances  that  injure  the  healthy 
condition  of  the  structure,  such  as  chemical  agents  producing  bursting  or 
solution  of  the  tissue,  heat  sufficient  to  cause  coagulation  or  solution  of 
contents,  &c.  In  Char  a,  the  large  cells  may  be  tied  across,  and  yet  the 
circulation  be  set  up  again  in  each  of  the  chambers  thus  formed.  Elec- 
•^trical  currents  do  not  affect  it. 

The  movements  in  the  protoplasm  are  attributed  to  various  causes,  such 
as  contraction  of  certain  portions  of  it,  varying  degrees  of  imbibition  in 
different  portions  of  the  mass,  the  alternations  in  this  wise  giving  rise  to 
the  currents.  In  many  cases  it  has  been  definitely  proved  that  the  move- 
ment of  the  juices  in  which  chlorophyll-granules  are  contained  is  directly 
dependent  on  the  agency  of  light,  es^eciallv^oj^hoin^^ 
rjij^jfjhespecjrjmi.    Under  the  mmienceoi™!T7niisi'd  light  the  chloro- 

Shyll-granult's  range  themselves  parallel  to  the  surface  :  but  under  that  of 
irect  light  they  are  disposed  on  the  lateral  walls  of  the  cells. 

737.  Analogous  to  the  rotation  of  the  protoplasm  is  the  movement 
of  the  ciliated  zoospores  of  the  Alga;,  and  the  ciliated  spermatozoids 
or  anthcrozoids  of  t  he  higher  Cryptogamia  and  the  Alga;. 

Zoospores  are  formed  by  the  contents  of  vegetative  cells  becoming 
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isolated  from  the  cell-wall,  and  individualized  into  one  (CEdogomum, 
fig.  535),  a  few  (Ulva,  Ulothrix,  &c),  or  numerous  (Cladophora, 
fig.  465,  c,  and  Phteosporefe)  corpuscles,  which,  break  out  from  the 
parent  sac,  and  when  free  are  seen  to  be  provided  with  vibratile  cilia 
(2,  4,  or  many),  and  to  swim  about  actively  for  a  period  of  from  half 
an  hour  to  several  hours,  then  to  settle  down,  become  encysted  by  a 
cellulose  membrane,  reassume  the  characters  of  ordinary  vegetable 
cells,  and  grow  up  into  new  plants  by  cell-division. 

It  has  been  observed  that  those  zoospores  with  cilia  at  one  end 
direct  that  extremity  (which  is  destitute  of  chlorophyll)  towards  the 
light ;  and,  moreover,  the  locomotion  of  these  bodies  is  accompanied 
by  a  movement  of  rotation  on  their  own  axis. 

Spermatozoids  are  filiform  bodies  of  various  forms,  mostly  presenting 
one  or  more  spiral  curves,  or  minute  globules,  and  usually  furnished 
with  vibratile  cilia.  They  are  formed  by  a  metamorphosis  of  the 
protoplasmic  matter  of  cells  developed  for  the  purpose  in  the  anthe- 
ridia  of  the  Cryptogamia.  They  are  extremely  minute,  but  move 
very  actively  when  they  escape  from  their  parent  cells,  continuing  to 
swim  about  for  some  time,  being  destined  to  find  their  way  to  the 
archegonium  (or  to  the  spores  in  Algse),  to  perform  the  fertilization 
of  the  germ-cell.  Many,  however,  never  reach  this,  and  they 
gradually  dissolve  away. 

In  the  Volvocineas  (fig.  462,  d),  the  separate  primordial  utricles  he  im- 
bedded in  a  common  envelope,  without  a  membranous  cell-coat,  retaining 
their  vibratile  cilia  throughout  fife,  only  becoming  encysted  and  formed 
into  proper  vegetable  cells  when  converted  into  resting-spores.  In  the 
intimate  affinity  between  these  productions  and  the  Protozoa,  or  lower 
Infusorial  Animalcules,  we  perceive  the  close  bond  which  exists  between 
animal  and  vegetable  organization  when  reduced  to  its  lowest  terms. 

738.  As  long  as  a  cell  retains  its  active  protoplasm,  it  is  capable 
of  producing  new  cells  and  organized  forms  of  assimilated  matter, 
like  starch  and  chlorophyll,  in  its  contents.  This  is  the  case,  of 
course,  in  all  nascent  tissues  ;  but  it  ceases  to  be  so  at  various 
periods  in  different  parts  of  the  vegetable  organization.  In  all  woody 
tissues,  in  all  pitted  and  spiral-fibrous  cells,  it  disappears  early, 
the  secondary  deposits  of  the  ligneous  character  being  formed  ap- 
parently from  the  watery  cell-sap.  In  herbaceous  organs,  such  as 
leaves,  in  the  cells  of  the  Cellular  plants  generally,  in  fact  in  all 
the  properly  living  structures,  the  protoplasm  remains. 

This  explains  why  the  power  to  form  adventitious  buds  exists  not  only 
in  the  cambium-layer  of  the  higher  plants,  but,  under  certain  conditions 
even  in  the  leaves  (as  in  Bryophyllum,  Gloxinia,  &c),  and  why  gemma- 
tion or  propagation  by  little  cellular  bulbils,  or  isolated  cells  detached 
from  the  vegetative  organs,  is  so  common  among  the  Cellular  plants,  and 
in  the  Mosses  and  Liverworts,  where  parenchymatous  tissues  so  aTeatlv 
predominate.  e  J 
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Nutrition  in  Cellular  Plants. 

739.  The  elementary  structures  being  essentially  alike  throughout 
the  Vegetable  Kingdom,  and  the  physiological  phenomena  of  vege- 
tation depending  almost  entirely  upon  processes  taking  place  in  the 
individual  cells,  it  is  very  instructive  to  examine  the  phenomena  of 
nutrition  and  growth  in  those  simply  organized  plants  in  which  we 
are  able  to  observe  directly  the  changes  in  the  living  cells. 

Many  cellular  aquatic  plants  are  especially  adapted  for  these  researches, 
from  their  simple  structure,  transparency,  and  their  aquatic  habit,  which 
permit  us  to  keep  them  in  a  growing  condition  in  glass  cells  beneath  the 
microscope. 

740.  What  is  called  the  "Yeast-plant  "  consists  of  a  particular  form 
of  the  vegetable  structure  {mycelium)  of  a  Fungus  (fig.  468,  A).  It  is 
composed  of  simple  cells,  which  will  go  on  multiplying  by  budding 
for  an  indefinite  time  if  placed  in  a  liquid  containing  a  mixture  of 
saccharine  ordextrinous  substances,  together  with  albuminous  matters, 
at  a  moderately  warm  temperature  (59°-67°  F.).  These  cells  are 
simple  membranous  vesicles,  with  their  walls  formed  of  a  modifica- 
tion of  the  compound  (cellulose)  of  which  all  vegetable  cell-membranes 
are  formed.  Within  the  cells  exist  nitrogenous  matter  in  the  con- 
dition of  protoplasm  (§  597).  The  increase  of  the  plant  is  dependent 
on  the  assimilation  of  substance  requisite  for  the  production  of  new 
cell-membranes,  and  of  other  substances  to  furnish  new  nitrogenous 
contents.  When  no  material  for  forming  cellulose  exists,  the  plant 
cannot  grow ;  but  in  solution  of  pure  sugar,  in  the  absence  of  any 
nitrogenous  substance,  the  plant  will  multiply  its  cells  for  a  certain 
time,  the  protoplasm  of  the  old  cells  being  transferred  into  the 
new  ones  as  they  are  successively  evolved.  But  under  these  latter 
circumstances  the  cells  become  gradually  smaller,  and  at  length 
cease  to  multiply,  a  portion  of  the  nitrogenous  matter  being  wasted 
in  the  reproduction  until  it  becomes  insufficient  to  carry  on  the 
growth. 

On  the  other  hand,  if  sufficient  nitrogenous  matter  exists,  the 
fermentation  goes  on,  accompanied  by  the  production  of  a  more 
developed  form  of  the  mycelium,  consisting  of  elongated  interwoven 
filaments  (the  so-called  Vinegar-plant)  ;  and  development  of  this 
continues,  if  not  interfered  with,  until  the  liquid  consists  of  little 
else  but  pure  water.  The  final  form  is  the  so-called  "  mother  "  of 
vinegar,  which  destroys  the  acetic  acid. 

741.  The  succession  of  phenomena  here  exhibited  is  connected 
with  a  scries  of  chemical  changes  which  are  probably  somewhat  as 
follows.  The  whole  of  the  processes  are  accompanied  by  evolutiou 
of  carbonic  acid  (carbonic  dioxide).    The  earlier  growth  can  go  on 


CELL-LIFE. 


555 


without  access  of  oxygen,  as  is  evident  from  the  fermentation  pro- 
ceeding in  large  vats  with  a  stratum  of  carbonic  acid  several  feet 
thick  over  the  surface  of  the  liquid  ;  the  growth  in  the  latter  stages 
takes  place  most  freely  with  access  of  air.  The  original  liquid  con- 
tains grape-sugar  (glucose),  or  dextrine,  and  nitrogenous  matters. 
The  action  of  the  protoplasmic  matter  of  the  yeast  decomposes  a  por- 
tion of  this,  forming  cell-membranes.  The  chemical  action  here  set 
up  disturbs  the  combination  in  the  rest  of  the  sugar,  which  loses 
carbonic  acid  and  becomes  alcohol.  If  the  growth  of  the  Fungus 
continues,  the  alcohol  becomes  decomposed  (seemingly  by  contact- 
action  again),  absorbs  oxygen  from  the  atmosphere,  and  becomes 
acetic  acid. 

It  is  not  clear  in  most  cases  to  what  extent  the  Fungus  is  nourished 
on  the  alcohol,  or  on  the  saccharine  or  dextrinous  matters  mixed  with 
the  alcohol.  To  form  cell-membrane  from  alcohol  would  require  the 
absorption  of  a  large  quantity  of  oxygen,  and  the  formation  of  much 
acetic  acid  and  water.  The  growth  of  the  Vinegar-plant  in  solution 
of  sugar,  then,  would  appear  to  cause  simple  liberation  of  water, 
while  the  contact-action  in.  like  manner  decomposes  the  sugar  into 
acetic  acid.  The  "  mother  of  vinegar  "  finally  is  developed  at  the 
expense  of  acetic  acid,  with  separation  of  water. 

The  processes  here  briefly  described  cannot  be  disregarded  when 
we  inquire  into  the  mode  in  which  plants  generally  take  up  their 
food.  Not  only  do  the  Fungi  all  feed  in  this  way — -as,  for  instance, 
the  Dry-rot  (Merulius),  which  lives  on  the  dead  substauce  of  timber, 
or  the  parasites  like  Puccinio},  the  Potato-fungus,  &c,  which  send 
their  mycelium  into  the  tissues  of  living  plants  to  feed  upon  their 
juices — but  the  same  laws  evidently  regulate  the  nutrition  of  the 
colourless  parasites,  such  as  Orobanchacese  (page  332),  and  the  Ehi- 
zanthous  plants  (page  360). 

742.  Following  out  this  train  of  reasoning,  we  are  irresistibly  led 
to  the  conclusion  that  the  same  processes  may  occur  in  all  plants 
under  particular  circumstances,  although  not  absolutely  necessary 
except  at  certain  stages  of  growth. 

In  germination,  doubtless  the  decomposition  of  the  store  of  starch 
&c,  with  evolution  of  carbonic  acid,  during  the  recommencement  of 
cell-development,  is  a  phenomenon  essentially  similar  to  the  develop- 
ment of  the  Yeast-plant.  And  we  cannot  find  any  reason  to  suppose 
that  the  roots  of  plants,  which  absorb  all  substances  indifferently, 
can  refuse  to  take  up  organic  matters  existing  in  a  state  of  solution 
in  the  soil.  The  extent  to  which  growth  may  be  stimulated,  with- 
out access  of  light,  by  profuse  supplies  of  organic  food,  is  strikingly 
illustrated  by  the  many  succulent  vegetables  cultivated  for  the 
table,  such  as  Sea-kale,  Celery,  forced  early  Rhubarb,  &c.  And 
the  tissues  of  the  plants  thus  grown  have  exactly  that  weak,  sue- 
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culont  character  which  is  so  striking  in  most  leafless  parasitic  plants 
and  Fungi. 

Further  applications  of  these  facts  will  be  dwelt  on  in  the  succeeding 
Sections. 

743.  In  the  above  remarks  we  have  considered  only  cases  where 
Cellular  plants  appear  to  derive  the  material,  both  for  their  cellulose 
structures  and  their  protoplasm,  from  organic  substances,  absorbed 
as  such.  By  far  the  most  striking  phenomena  of  vegetative  life  are 
those  in  which  inorganic  matters  are  assimilated,  and  the  gaseous 
and  liquid  constituents  of  the  atmosphere  and  soil  supply  the  requi- 
site food. 

If  all  plants  required  organic  food,  the  organized  substance  upon  the 
globe  must  continually  decrease,  since,  as  we  have  just  seen,  those  -which 
do  live  upon  organic  matter  toaste  this  through  decomposition  by  contact- 
action.  But  the  organic  matter  of  soils  upon  which  plants  grow  and 
decay  in  successive  crops,  undergoes  continual  increase,  as  we  observe  in 
the  accumulation  of  vegetable-mould  on  undisturbed  grass  plains  and  in 
forests  where  the  debris  (fallen  leaves,  underwood,  &c.)  is  not  removed. 

744.  The  majority  of  plants  feed  upon  water,  carbonic  acid,  and 
ammonia  (and  perhaps  other  nitrogenous  compounds),  with  small 
quantities  of  various  other  elements,  such  as  sulphur,  phosphorus, 
and  the  salts  of  lime,  potash,  &c.  Such  plants  can  only  nourish 
under  the  influence  of  light ;  and  under  this  influence  they  produce, 
from  the  above  materials,  new  cellulose  <fec.  and  protoplasmic 
matter.  The  assimilation  is  in  such  cases,  as  a  general  rule,  accom- 
panied by  the  assumption  of  a  green  colour,  from  the  formation  of 
chlorophyll. 

Exceptions  to  the  last  assertion  appear  to  exist  in  the  red,  olive,  and 
other  peculiarly  coloured  Algae,  in  which  no  chlorophyll  is  produced ; 
but  we  are  totally  ignorant  of  the  processes  which  go  on  in  the  vegetation 
of  these  plants. 

745.  The  history  of  the  changes  which  take  place  in  the  cell- 
contents  of  the  green  Confervoid  Algae  (fig.  465),  which  we  are  able 
to  observe  to  a  certain  extent  beneath  the  microscope,  affords  some 
material  toward  the  comprehension  of  the  processes  which  have  their 
seat  in  the  green  parts  of  the  higher  plants. 

We  observe  in  the  elongating  apical  or  branching  cells  of  the 
Confervoids,  that  the  contents  of  the  nascent  parts  (as  in  the  upper 
half  of  the  dividing- cell  of  (Edocjonium  &c.)  are  chiefly  composed  of 
colourless  protoplasm,  with  watery  cell-sap.  Under  the  influence  of 
light,  green  chlorophyll-corpuscles  become  more  and  more  abundant ; 
and  under  favourable  circumstances  of  light  etc.  (accompanied  by 
liberation  of  oxygen  gas)  the  chlorophyll-corpuscles  soon  present 
starch-granules  in  the  interior,  which  multiply  and  increase  con- 
siderably in  size.    This  formation  of  starch  occurs  chiefly  after  the 
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cell  has  attained  its  fall  growth,  and  may  be  regarded  as  a  continu- 
ation of  the  process  which  produced  the  cellulose  of  the  cell-wall, 
now  no  longer  required  for  the  purposes  of  the  individual  cell,  the 
contents  of  which,  however,  proceed  with  their  assimilative  action. 
After  a  time  the  cell  prepares  for  propagation,  or  reproduction.  Then 
the  starch-granides  disappear,  apparently  by  solution  into  dextrinous 
or  analogous  matter  requisite  for  the  development  of  new  cell- 
membrane,  which  soon  takes  place,  either  in  cell-division  (§  694),  or, 
if  the  primordial  utricle  is  discharged  from  the  parent  cell  in  the 
form  of  zoospores  (§  698),  in  the  formation  of  the  cell-membranes  of 
these  bodies  after  they  have  come  to  rest. 

"Where  resting- spores  are  to  be  formed,  different  changes  ensue 
after  the  solution  of  the  accumulated  starch.  The  new  cell,  intended 
to  remain  in  a  quiescent  condition,  becomes  coated  by  a  cellulose 
membrane,  or  often  two  distinct  concentric  coats ;  and,  at  the  same 
time,  that  portion  of  the  contents  consisting  of  dextrinous  or  ana- 
logous matter  which  has  not  been  consumed  in  forming  cell-mem- 
brane becomes  converted  into  fixed  oil,  the  green  colour  disappears, 
and  the  contents  assume  a  red  or  brown  colour,  and  external  stimuli 
(light  &c.)  produce  no  influence.  "When  these  bodies  germinate 
(which  usually  only  occurs  after  they  have  been  dried  up  and  are 
again  placed  in  water),  the  chlorophyll  gradually  reappears  and  the 
oil  vanishes,  and  the  entire  course  is  run  through  again. 

Comparing  these  phenomena  with  what  we  observe  in  the  higher 
plants,  we  notice  the  similarity  as  regards  the  production  of  chlorophyll 
in  the  leaves,  followed  by  the  appearance  of  starch-granides  as  a  form  of 
accumulated  nutriment.  But  the  functions  being-  more  localized  as  the 
organization  is  more  complicated,  the  starch  thus  formed  is  subsequently 
dissolved,  and  is  carried  away  to  the  growing  tissues  of  the  plant,  to  the 
buds,  cambium-region,  and  roots,  where  it  is  laid  up  in  autumn,  very 
often  in  this  same  form,  but  not  unfrequently  in  the  condition  of  fixed 
oil,  as  in  the  rhizomes  of  Cyperus,  of  Lastrcea  Filix-mas,  &c,  and,  above 
all,  in  structures  which,  like  the  resting-spores  above  mentioned,  are  to 
remain  quiescent  while  exposed  to  considerable  diversity  of  external  con- 
ditions, namely  in  seeds,  as  in  the  cotyledons  of  Cruciferse,  Almonds,  Nuts, 
"Walnuts,  &c,  or  in  the  albumen  of  Poppies,  Euphorbiacea3,  &c. 

The  oil  (or  starch  in  other  cases)  stored  up  in  the  seeds  and  rhizomes 
imdergoes  decomposition  and  solution  in  germination,  to  supply  material 
for  the  cell-membranes  of  the  nascent  plant  until  the  roots  have  become 
sufficiently  developed  to  provide  for  it. 

"We  have  at  present  no  very  satisfactory  evidence  of  the  kind  here 
brought  forward  to  indicate  the  mode  in  which  the  nitrogenous  matters, 
necessary  for  the  formation  of  new  protoplasm,  are  taken  up.  The  ques- 
tion of  the  assimilation  of  nitrogenous  matters  will  be  considered  in  the 
following  section,  on  the  Food  of  plants. 
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Sect.  2.  Food  of  Plants. 

746.  The  first  step  in  the  investigation  of  this  subject  h  to 
ascertain  what  substauces  enter  into  the  composition  of  vegetable 
structures  and  juices. 

Analyses  of  plants  have  demonstrated  the  existence  of  the 
following  chemical  elements  in  plants  : — Oxygen  (0),  Hydrogen  (H), 
Carbon  (C),  Nitrogen  (N),  Chlorine  (CI),  Bromine  (Br),  Iodine  (I), 
OWV.  Fluorine  (F),  Sulphur  (S),  Phosphorus  (P),  Silicon  (Si),  Potassium 
(K),  Sodium  (Na),  Calcium  (Ca),  Magnesium  (Mg),  Aluminium  (Al), 
Manganium  (Mn),  Iron  (Fe),  Zinc  (Zn),  Copper  (Cu),  Titanium  (Ti). 
Arsenic  (As),  Lithium  (Li),  Eubidium  (Eb),  Caesium  (Ca;),  and 
Barium  (Ba). 

All  of  these,  however,  do  not  exist  in  every  vegetable  substance  ; 
the  first  four  are  universally  present,  while  a  perfectly  healthy  con- 
dition cannot  be  assured  unless  sulphur,  potassium,  calcium,  magne- 
sium, iron,  and  phosphorus  are  also  present  at  some  time  or  other. 

747.  With  the  exception  of  oxygen,  these  elements  are  not  taken 
up  by  plants  in  a  simple  form ;  and  none  of  them  exist  as  such  in 
vegetable  substances.  The  compounds  of  the  different  elements  differ 
much  in  the  proportion  in  which  they  exist.  Water  (HO  or  H„0) 
may  form  90  to  95  per  cent.  Of  the  dry  substance,  compounds  of 
carbon,  hydrogen,  and  oxygen  (C  H  0)  may  form  66  per  cent. ;  the 
alkalies,  earths,  and  metallic  oxides  commonly  form  1  to  4  per  cent., 
in  rare  cases  as  much  as  20  per  cent. 

748.  The  great  mass  of  all  plants  is  composed  of  the  first  four 
elements  in  the  list : — the  solid  parts,  of  compounds  of  carbon,  hy- 
drogen, and  oxygen ;  the  protoplasmic  cell- contents  (§597)  of  com- 
pounds of  these  three  elements,  with  the  addition  of  nitrogen. 
Sulphur  and  phosphorus  appear  to  be  necessary  constituents  also  in 
the  protoplasmic  compounds ;  the  alkalies  and  earths  are,  in  most 
cases,  requisite  in  the  processes  of  elaboration,  but  may,  in  many 
cases,  be  substituted  for  one  another  (perhaps  in  certain  cases  may 
be  replaced  by  ammonia);  chlorine  is  necessary  in  many  plants. 
Iodine  and  bromine  are  met  with,  particularly  in  marine  plants  ;  but 
it  is  not  clear  whether  their  presence  is  necessary,  or  merely  an  inevi- 
table result  of  the  absorption  of  sea-water.  Iron  and  manganese  are 
met  with  very  commonly,  copper  and  zinc  more  rarely;  silicon  abounds 
in  certain  Orders  (Grasses,  Equisetacese),  and  is  met  with  in  many 
plants  in  smaller  proportions.  The  most  necessary  ingredients  for 
the  due  nutrition  of  the  plant  are,  in  various  proportions  according  to 
circumstances,  a  nitrate  or  an  ammonia  salt,  a  salt  of  potash,  soda, 
lime,  magnesia,  and  iron. 

749.  We  have  stated  that  (green)  plants  in  general  acquire  their 
nitrogenous  food  by  their  roots  (from  the  nitrates  of  the  soil),  and 
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their  carbonaceous  food  by  their  leaves.  The  sources  of  the  food  are 
therefore  the  soil  and  atmosphere  in  which  plants  grow ;  and  the 
inquiry  presents  itself  at  once  as  to  the  form  in  which  the  food  is 
supplied  to  and  taken  up  by  plants. 

On  the  one  hand,  we  know  that  plants  can  absorb  substances  only 
in  a  liquid  or  gaseous  form  (§§  755,  756);  on  the  other,  we  know 
that  both  the  atmosphere  and  the  soil  contain  carbonic  acid,  water, 
and  various  nitrogenous  compounds  soluble  in  the  latter.  The  alka- 
lies, earths,  &c.  exist  only  in  the  soil,  and  in  more  or  less  abundance 
and  more  or  less  soluble  forms  in  different  cases. 

Observation  teaches  us  that  the  simpler  plants,  such  as  the  Pal- 
melleaj,  Lichens,  many  Mosses,  &c,  can  grow  upon  bare  rocks  or 
stones,  and  obtain  their  carbon,  hydrogen,  oxygen,  and  nitrogen 
from  the  atmosphere  alone ;  and  experiment  shows  that  these  are 
supplied  in  the  form  of  carbonic  acid,  water,  and  ammonia  ;  the  sub- 
stratum here  supplies  only  the  small  proportion  of  mineral  substance 
that  is  required.  Moreover  it  is  possible  to  grow  a  plant  to  maturity, 
and  even  to  make  it  ripen  its  seed,  in  distilled  water  containing  in 
solution  only  the  ash-elements  of  aquatic  plants,  such  as  Confervas 
&c.  Similar  growth  may  be  obtained  by  growing  a  plant  in  a  watery 
solution  of  the  necessary  mineral  ingredients  of  the  plant,  together 
with  a  nitrate  or  an  ammonia  salt,  the  excess  of  carbon  in  these  cases 
being  derived  from  the  air. 

Further,  it  is  observed  that,  if  a  vegetation  of  this  kind  goes  on 
undisturbed  for  a  lengthened  period,  the  decay  of  successive,  gene- 
rations of  plants  leads  to  accumulation  of  organic  substance,  of  vege- 
table mould,  the  material  of  which  has  been  derived  from  the  atmo- 
sphere by  the  plants,  but  has  not  been  consumed,  i.  e.  decomposed 
into  its  original  forms  of  carbonic  acid  &c,  by  them  and  their  suc- 
cessors. 

Prom  these  facts  it  has  been  concluded,  in  the  first  place,  and  truly, 
that  green  plants  have  the  power  of  feeding  upon  inorganic  sub- 
stances, and  fixing  them  in  definite  organic  compounds  ;  secondly, 
but  with  less  justice,  that  this  is  the  universal  law  of  vegetable  nu- 
trition— that  plants  live  exclusively  on  inorganic  substances,  which 
they  convert  into  organic  matters  unfit  for  their  own  use,  and 
only  assimilable  after  a  new  decomposition.  In  regard  to  certain 
plants  this  last  assertion  is  altogether  inadmissible,  namely  the 
Fungi  and,  above  all,  the  colourless  parasites  (§  741)  ;  and  not  only 
is  it  contradicted  by  the  phenomena  of  their  life,  but  it  is  opposed 
to  the  universal  experience  derived  from  observation  of  the  culti- 
vation of  plants.  Lastly,  we  know  of  no  cause  why  plants  should 
refuse  to  absorb  organic  substances  presented  to  them  in  a  state  of 
solution  favourable  to  endosmotic  action  in  the  roots. 

It  is  very  true  that  many  even  of  the  higher  plants  will  grow  upon  soil 
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almost  destitute  of  organic  matters,  as  we  see  on  sandy  heaths  &c. ;  hut 
the  kind  of  vegetation  which  characterizes  such  soils  is  very  different  from 
that  which  clothes  land  covered  with  vegetable  mould.  And  the  inlluence 
of  manures  in  agriculture  must  he  attributed  in  a  great  measure  to  the 
extensive  aid  afforded  to  the  plant  in  the  shape  of  additional  supplies  of 
organic  matters,  which  bear  a  kind  of  compound  interest,  since  the  in- 
creased growth  they  produce  gives  increased  power  of  independent  assi- 
milative action. 

750.  Spontaneous  vegetation  is  nourished  principally  by  carbonic 
acid  and  ammonia  always  existing  in  sufficient  proportions  in  the 
atmosphere.  The  former  substance  is  taken  up  by  the  leaves ;  and 
the  latter  is  also  probably  absorbed  by  the  aerial  organs  of  plants, 
since  the  lowest  kinds  have  no  roots ;  but  the  principal  supply  to  the 
higher  plants  seems  to  be  furnished  through  the  soil,  which  receives 
ammonia  dissolved  in  rain  and  dew,  and,  where  porous,  absorbs  it 
greedily. 

751.  Plants  growing  upon  soil  abounding  in  decaying  vegetable 
and  animal  matters  are  doubtless  supplied  with  part  of  their  food 
from  these  sources.  Ammonia  is  a  constant  product  of  decomposi- 
tion of  animal  substance,  carbonic  acid  of  this  and  vegetable  matter. 
But  from  the  researches  of  Mulder  it  would  appear  very  probable 
that  the  old  vegetable  matters  may  pass  into  the  living  plants  with- 
out'undergoing  decomposition  into  carbonic  acid  and  water.  The 
black  decaying  matter  of  vegetable  origin,  called  humus,  is  decomposed 
in  the  soil  into  a  series  of  organic  acids,  of  which  the  last  members 
possess  much  affinity  for  ammonia,  and  form  both  with  it  and  the 
alkalies  soluble  salts,  which  may  be  absorbed  as  such  by  the 
roots.  In  favour  of  such  a  view  is  the  fact  that  carbonate  of 
ammonia  (decomposable  by  crenic  and  apoerenic  acids)  appears  in 
many  cases  hurtful  when  applied  directly  to  the  roots  of  plants.  In 
addition  to  the  tendency  of  these  organic  acids  to  attract  ammonia, 
they  seem  to  be  capable  even  of  causing  its  production  in  the 
soil,  since,  in  the  progressive  oxidation  of  humus  taking  place  at  the 
expense  of  water  (H20),  the  hydrogen  of  the  latter  possibly  com- 
bines in  its  nascent  "state  with  the  nitrogen  of  the  atmosphere  to 
form  ammonia. 

It  has  been  common  in  recent  works  to  find  the  value  of  humous  or 
carbonaceous  matters  in  the  soil  estimated  veiy  low ;  they  have  been  re- 
garded either  as  merely  improving  the  (physically)  absorbent  power  of 
soils,  or  as  sources  of  carbonic  acid,  already  sufficiently  provided  by  the 
atmosphere.  But  the  above  observations,  borne  out  by  the  experiments 
in  Turnip-growing  by  Lawes  and  Gilbert,  are  in  favour  of  a  higher  esti- 
mate of  the  value  of  decaying  carbonaceous  matters,  and  of  regarding  them 
as  important  constituents  of  farmvard-nianures  for  certain  purposes. 
Lawes  and  Gilbert  found  that  stimulating  nitrogenous  manures  m  excess 
were  rather  detrimental  to  the  growth  of  turnips,  leaf-formation  going 
on  at  the  expense  of  the  roots ;  but  this  was  counteracted  in  a  great  mea- 
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sure  by  supplying,  with  the  nitrogenous  manures,  carbonaceous  substances 
in  considerable  proportion. 

752.  Certain  observations  made  by  Ville  appear  to  indicate  a  power 
in  living  plants  to  fix  nitrogen  from  atmospheric  air ;  but  this  is 
negatived  byP>oussingault,Lawes  and  Gilbert,  Pugh,  and  others.  That 
ammonia  is  not  absolutely  necessary  for  the  nitrogenous  food  of 
plants  is  distinctly  indicated  by  the  effect  of  nitrates  as  manures, 
rivalling  that  of  salts  of  ammonia.  Moreover  it  has  been  stated  re- 
cently that  ozone  (a  peculiar  condition  of  oxygen)  converts  ammonia 
into  nitrous  acid ;  and  there  is  reason  to  suppose  that  the  ozone  con- 
dition of  oxygen  is  produced  in  certain  cases  in  the  liberation  of  that 
element  by  plants. 

753.  We  may  sum  up  briefly  what  appear  to  he  the  most  proba- 
ble hypotheses  respecting  the  acquisition  of  the  four  principal  elements 
(C,  H,  0,  N)  of  the  food  of  plants. 

1.  The  cell-contents  of  plants,  when  they  contain  protoplasm,  are 
capable  of  assimilating  nitrogenous  matters  in  the  form  of  com- 
pounds of  ammonia  or  nitrates. 

2.  Protoplasmic  matters  are  capable  of  assimilating  organic  ternary 
compounds,  without  the  aid  of  light,  in  the  form  of  dextrinous 
or  saccharine  substances  (Pungi),  and  in  the  form  of  compounds 
of  the  organic  acids  of  the  soil  (crenic  and  apocrenic  acids)  with 
ammonia  and  alkalies.  This  action  is  accompanied  by  contact- 
action  also,  decomposing  and  wasting  the  organic  matter 
(§  741),  when  it  goes  on  in  Pungi  or  in  other  plants  in  the  dark 
(germinating  seeds,  blanched  vegetables,  &c). 

3.  Protoplasmic  matters,  in  all  plants  except  Pungi  (and  perhaps 
some  Algae),  are  capable  of  decomposing  carbonic  acid  when 
exposed  to  sunlight,  the  carbon  entering  into  union  with  the 
elements  of  water  to  form  the  ternary  compound,  CEO 
(dextrine,  sugar,  cellulose,  starch,  &c). 

754.  For  their  mineral  food,  plants  are  of  course  chiefly  dependent 
on  the  soil  in  which  they  grow.  The  gradual  decomposition  of  rocks 
furnishes  the  earthy  and  alkaline  constituents,  which  must  vary  on 
different  formations  or  according  to  diluvial  actions.  Marine  plants 
naturally  accumulate  many  of  the  mineral  elements  of  sea- water  ; 
and  plants  growing  near  the  sea  derive  a  certain  amount  of  the  salts 
of  sea-water  from  the  atmosphere,  brought  by  the  winds ;  the  salt 
spray  is  shown  to  be  carried  great  distances  by  its  being  injurious 
and  destructive  to  many  kinds  of  plants  growing  exposed  to  sea- 
winds. 

Sect.  3.  Absorption. 

755.  Since  the  lower  plants  consist  of  closed  cells,  in  the  interior 
of  which  their  vitalized  substance  resides,  and  the  membrane  of  their 
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cells,  so  far  as  our  investigations  can  reach,  is,  in  general,  destitute 
of  orifices,  the  food  of  these  plants  can  only  be  taken  up  in  a  liquid 
or  gaseous  condition  by  the  still  mysterious  process  of  imbibi- 
tion. 

756.  In  plants  of  more  complex  organization,  although  loose 
parenchymatous  tissues  exist,  and  the  interspaces  (§  616)  become 
concerned  in  at  least  secretion,  the  external  surface  of  the  plant, 
by  which  food  must  penetrate,  is  carefully  guarded  by  a  continuous 
epidermis,  entirely  devoid  of  orifices  in  the  roots,  the  principal  ab- 
sorbing organs ;  and  though  perforated  by  stomatal  orifices  in  the 
leaves  and  other  aerial  organs,  these  are  carefully  guarded  by  special 
contrivances  to  prevent  the  entrance  of  solid  matter,  and  in  all  cases 
lead  merely  to  intercellular  passages,  external  to  the  membranes  of 
the  vegetative  cells. 

In  the  Fungi,  Lichens,  and  Algse  absorption  appears  to  take  place 
freely  at  all  points  of  the  thallus  to  which  gases  and  liquids  have 
access.  The  structures  of  Mosses,  Hepaticas,  and  the  smaller  mem- 
bers of  the  higher  groups  of  Cryptogams  are  likewise  so  simply 
cellular  that  they  appear  to  be  little  dependent  on  root-structures. 

In  .the  higher  Cryptogamia  and  the  Phanerogamia  the  absorption 
of  liquids  appears  to  be  confined  to  the  roots,  the  epidermis  of  the 
leaves  &c.  being  so  organized  as  to  oppose  the  entrance  of  water, 
while  the  stomatal  cells  which  guard  its  orifices,  swelling  up  so  as  to 
close  the  slit  between  them  when  filled  with  fluid,  concur  to  prevent 
the  absorption  of  water  or  other  liquid.  Gases,  however,  penetrate 
freely  through  most  cell-membranes,  and  hence  may  be  absorbed  by 
leaves,  and  can  pass  freely  through  the  stomata  into  the  intercellular 
passages. 

757.  The  physical  phenomena  of  diffusion  and  osmose  are  the  most 
important  agents  in  the  acquisition,  by  the  cell- contents,  of  material 
from  without.  These  phenomena  depend,  first,  on  adhesion  of  the 
liquid  to  the  solid,  and  then  on  any  circumstances  which  cause  move- 
ment in  the  molecules  of  the  liquid. 

We  may  say,  in  general  terms,  that  when  two  liquids  of  different  den- 
sities (the  one  "  colloidal "  or  little  diffusible,  the  other  "  crystalloid,"  or 
ffreatly  diffusible)  are  separated  by  a  membraue  or  other  porous  substance, 
the  denser  liquid  becomes  increased  in  bidk  by  the  passage  of  the  thinner 
liquid  into  it  through  the  membrane.  This  rule  is  indeed  subject  to  mo- 
difications, dependent  upon  other  qualities  besides  density  of  the  liquids, 
such  as  their  molecular  relations  to  the  substance  of  the  separating  mem- 
brane, the  molecular  nature  of  the  membrane  itself,  &c,  since,  ot  two 
different  liquids,  that  which  is  more  readily  imbibed  by  the  membrane 
passes  through  in  a  preponderating  current. 

When  we  place  simple  vegetable  cells  with  flexible  cell-membranes, 
such  as  many  pollen-grains,  yeast-globules,  &c,  in  water,  then  denser 
cell-contents  absorb  water  and  the  cell-wall  expands,  sometimes  even 
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bursts.  On  the  other  hand,  placed  in  strong  solutions  of  sugar  or  gum, 
such  ceUs  will  lose  part  of  their  contents  and  shrink.  But  these  simple 
experiments  are  not  sufficient  to  indicate  what  takes  place  in  the  cells  ot 
tissues  filled  with  living  protoplasmic  matters  ;  for  very  frequently,  when 
we  place  such  cells  in  liquids  differing  in  density  from  their  contents,  there 
ensue  successive  changes  of  condition,  which  must  also  be  involved  m 
many  natural  processes.  Thus,  if  we  place  in  water  a  fragment  of  cellular 
tissue  from  the  region  where  pollen-grains  are  being  developed  in  the 
anther,  or  spores  in  sporanges,  water  is  absorbed  through  the  cellulose 
coat,  but  the  primordial  utricle  contracts ;  but  when  the  water  pene- 
trates the  latter,  it  swells  again  and  sometimes  expands  beyond  its 
original  volume,  bursting  the  cell-membrane  when  this  is  weak. 

The  presence  of  a  membranous  or  porous  septum  is  not  essential  to  such 
a  process  of  filtration  and  admixture  as  above  described.  Two  liquids  of 
different  densities  placed  in  contact  will  gradually  mix  by  the  attractive 
force  that  the  one  exerts  on  the  other.  This  liquid  diffusion  depends 
materially  in  amount  on  the  nature  of  the  liquids — colloid  or  crystalloid, 
as  the  case  may  be. 

758.  The  recognition  of  endosmose  as  the  cause  of  the  absorption 
of  liquids  by  the  young  roots  and  root-hairs  affords  some  explanation 
of  the  apparently  contradictory  phenomena  which  have  been  de- 
scribed by  those  who  have  experimented  with  a  view  to  ascertain 
whether  plants  have  any  selecting -power.  It  has  been  shown  that 
there  exist  some  very  complex  circumstances  of  purely  physical 
nature  in  endosmotic  processes,  and  that  simple  density  of  liquids  is 
by  no  means  the  only  important  point — alkaline,  acid,  or  neutral  con- 
ditions of  mineral  salts  causing  special  peculiarities,  dependent  on 
chemical  and  molecular  relations  to  the  membrane  or  porous  inter- 
posed substance,  and  in  other  cases  on  chemical  actions  taking  place 
on  one  or  the  other  side  of  the  membrane. 

Some  writers  assert  that  the  roots  of  plants  absorb  all  substances  in- 
differently ;  and  the  experiments  of  Vogel  and  others  appear  to  bear  this 
out.  But,  not  to  mention  that  the  ashes  of  different  plants  grown  in  the 
same  soil  have  different  composition,  Trinchinetti  has  shown  that  differ- 
ent salts  are  absorbed  in  different  proportions  from  mixed  solutions ;  and 
in  De  Saussure's  experiments  riving  roots  absorbed  differently  from 
diseased  or  dead  ones. 

Such  phenomena  as  these,  however,  may  be  explicable  on  purely  phy- 
sical principles.  It  has  been  proved  that  different  chemical  salts  exhibit 
unlike  quantitative  phenomena  in  passing  through  dead  endosmotic  sub- 
stances; and  thus  even  from  mixed  fluids  one  salt  might  pass  more  readily 
into  a  cell  than  another ;  and,  still  more,  the  immediate  decomposition  of 
one  salt  alone,  inside  the  membrane,  while  the  other  was  not  affected, 
which  might  take  place  in  a  living  cell,  would  greatly  affect  the  endosmose, 
since  the  cell-contents  would  soon  be  saturated  with  the  latter,  while  the 
other  would  not  accumulate.  In  regard  to  De  Saussure's  experiments 
(which  are  borne  out  by  what  we  see  beneath  the  microscope  when  we 
apply  reagents,  such  as  iodine,  to  healthy  or  decaying  tissues),  there  is 
no  necessity  to  have  recourse  to  a  vital  agency  of  selection,  since  the 
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chemical  activity  of  the  cell-contents,  quite  different  in  a  living  and  in  a 
dead  organism,  might  account  for  all  the  diversities,  even  if  the  difference 
could  not  be  explained  by  a  physical  difference  of  tension  in  the  living 
cell-membrane  and  that  of  a  dead  organ,  in  which  a  process  of  decay  im- 
mediately commences  if  it  is  exposed  to  the  action  of  water.  It  has 
recently  been  shown  that  porous  vessels  placed  in  mixed  solutions  select, 
just  as  plants  do  under  similar  circumstances;  and  those  solutions  which 
pass  most  freely  through  the  walls  of  cells  are  those  which  always  pass 
most  freely  through  the  sides  of  the  porous  vessels.  Those  cases  in  which 
the  same  amount  of  any  given  substance  is  capable  of  being  absorbed  by 
plants  which  have  nevertheless  different  chemical  composition,  may  also 
be  explained  by  the  different  osmotic  powers  possessed  by  the  cells  of 
different  plants.  Thus,  supposing  the  root-cells  of  a  cereal  plant  and 
those  of  a  Leguminous  plant  to  take  up  the  same  amount  of  sriica  from 
the  soil,  the  quantity  of  that  ingredient  would  speedily  be  found  to  be 
greater  in  the  cereal  than  in  the  Leguminous  plant,  because  the  cells  of 
the  former  can  appropriate  silica,  and  by  osmosis  store  it  up  in  the  epi- 
dermal tissues,  while  the  cells  of  the  latter,  having  different  osmotic  rela- 
tions to  silica,  soon  become  saturated,  and  can  take  up  no  more.  On  the 
same  principle  we  see  cells  in  juxtaposition  containing  very  different  in- 
gredients, which  yet  do  not  mix  because  the  conditions  for  endosmosis  are 
in  some  way  or  other  not  favourable. 

Schlosing  says  that  the  power  of  absorbing  mineral  ingredients  from  the 
soil  is  diminished  by  limiting  the  process  of  evaporation,  as  when  plants 
are  grown  under  a  bell-glass. 

759.  The  leaves  and  other  green  parts  of  the  higher  plants  do 
not  appear  to  absorb  liquids.  "Whether  they  absorb  even  watery 
vapour  to  any  great  extent  is  questionable  ;  but  it  is  certain  that  they 
absorb  gases,  and  that  a  very  large  proportion  of  the  carbon  which 
is  consumed  by  green  plants  is  taken  into  the  system  in  the  form  of 
carbonic  acid  gas,  by  the  leaves  and  green  shoots. 

linger  denies  that  leaves  absorb  watery  vapour ;  but  this  is  in  contra- 
diction to  the  general  impression;  and  it  is  difficult  to  understand  how 
they  can  refuse  it.  With  regard  to  nitrogenous  matters,  there  appears 
to  be  some  reason  to  imagine  that  ammonia  (or  nitrates)  may  be  as- 
similated by  plants,  and  possibly  by  their  leaves,  from  atmospheric  air. 
This  point  will  be  noticed  further  on. 

760.  The  entrance  of  gases  into  the  cells  is  attributable,  through 
their  solubility  in  water,  to  endosmotic  action ;  while  the  laws  of 
diffusion  of  gases  provide  for  their  entrance  into  the  intercellular 
passages,  which  brings  them  into  contact  with  the  deeper-seated 
cells. 

Sect.  4.  Diffusion  of  Fluid  in  Plants. 

761.  The  diffusion  of  the  fluid  absorbed  by  plants,  and  the  nature 
of  the' interchanges  which  take  place  between  the  products  elabo- 
rated in  the  different  tissues,  offer  a  number  of  problems,  of  some  of 
which  no  very  satisfactory  solution  can  at  present  be  offered. 

762.  In  aquatic  plants  the  entire  surface  is  employed  in  absorp- 
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tion  ;  and  the  liberation  of  gases  in  the  respiratory  or  other  processes 
being  accompanied  by  condensation  of  the  cell-contents,  endosmotic 
action  is  kept  up  constantly  during  active  vegetation. 

In  the  Cellular  plants,  such  as  Lichens,  Fungi,  and  even  m 
Mosses  and  Hepatica?,  the  diffusion  of  the  fluids  would  appear  to  be 
a  result  of  simple  endosmotic  action  continued  from  cell  to  cell  in 
more  or  less  complex  series ;  and  in  the  plants  growing  in  air,  eva- 
poration of  gases  increases  the  density  of  the  contents  of  the  last  or 
uppermost  cells  of  the  chain. 

763.  In  plants  with  well-developed  stems  and  roots,  the  liquid 
nutriment  is  absorbed  by  the  latter,  and  the  movements  which  the 
absorbed  fluids  have  to  make  are  much  more  complex, not  only  from  the 
greater  variety  of  forms  of  tissue  through  which  they  have  to  pass,  but 
from  the  multiplied  details  of  the  interchanges  with  elaborated  matters 
arising  from  the  scattered  distribution  of  the  leaves  over  the  axis. 

764.  As  so  large  a  quantity  of  fluid  is  absorbed  by  the  roots  from 
below,  it  is  clear  that  the  diffusion  of  that  fluid  (or  sap,  as  it  is  now 
called)  must  in  the  first  instance  be  in  an  upward  direction ;  hence 
the  phrase  ascent  of  the  sap.  The  main  current  of  the  sap,  then,  is 
upwards  from  the  root,  through  the  stem  and  branches,  to  the  leaves, 
wherein,  owing  to  the  changes  it  there  undergoes  and  which  will  be 
hereafter  alluded  to,  its  character  becomes  altered  and  the  general 
direction  of  its  current  reversed. 

The  upward  direction  of  the  crude  sap,  and  still  more  the  downward 
current  of  the  elaborated  sap,  must  be  understood  in  a  general  sense  as 
indicating  the  prevailing  direction  of  the  current.  A  more  strictly  correct 
expression  would  be  to  say  that  the  sap,  whether  ascending  or  descending, 
moves  in  the  direction  in  which  circumstances  are  most  favourable  to  its 
flow ;  and  this  is  to  those  spots  where  the  sap  is  most  needed  for  the 
nutritive  processes  of  the  plant,  as  will  be  more  fully  explained  in  suc- 
ceeding paragraphs. 

765.  The  causes  producing  the  ascent  of  the  sap  are  manifold. 
They  vary  not  only  in  their  nature,  but,  at  different  times,  in  different 
parts  of  the  same  plant  and  under  varying  circumstances.  We  will 
first  of  all  allude  to  the  inducing  causes  separately,  and  then  indicate 
how,  when,  and  where  they  act.  Endosmotic  action  consequent  on 
the  absorption  of  fluids  by  the  root  is  on  all  hands  admitted  to  play 
the  principal  share  in  the  diffusion  of  fluids  throughout  the  plant. 
Capillary  action  facilitates  the  upward  passage  in  or  between  the 
fibro-vascular  tissues.  Pressure,  whether  exerted  by  the  tension  of 
the  cell-walls  upon  their  contents,  and  itself  consequent  on  endos- 
mosis,  or  as  the  result  of  increased  temperature,  which  expands  the 
air  in  the  stem,  forces  the  fluids  to  move  in  the  direction  of  least 
resistance.  The  oscillations  produced  by  the  swaying  of  the  branches, 
petioles,  &c.  by  the  wind  also  occasion  intermittent  pressure,  to  which 
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Mr.  Herbert  Spencer  attributes  an  upward  thrust  of  the  sap  towards 
the  point  of  least  obstruction. 

The  profuse  evaporation  or  transpiration  of  watery  vapour  from 
the  leaves  is  a  powerful  agent  in  producing  an  upward  flow  of  fluid 
to  replace  that  which  is  lost  in  the  manner  indicated.  The  extrava- 
sation or  exudation  of  sap  consequent  on  the  mechanical  strains 
effected  by  the  wind  also  give  rise  to  a  current  of  sap  from  below. 
Chemical  actions,  such  as  the  transformation  of  starch  into  sugar  &c, 
necessitate  a  supply  of  water  and  create  currents  of  that  fluid. 

The  above-named  causes  act  sometimes  separately,  at  other  times  in 
combination.  In  the  roots,  not  only  the  absorption  but  the  ascent  of  the 
sap  is  due  to  osmotic  action  chiefly. 

The  roots  take  an  important  share  in  promoting  the  upward  flow  of  the 
spring  sap.  If,  in  spring,  we  notice  the  surface  of  stumps  of  timber-trees 
which  have  been  sawn  off  in  the  preceding  autumn,  we  find  the  cut  sur- 
faces wet  with  abundant  exudation  from  the  outer  layers  of  the  wood ; 
and  experiments  made  upon  the  cut  ends  of  branches,  by  Hales  and  others, 
show  that  the  sap  rises  in  them  with  very  considerable  force — in  the  case 
of  the  Vine,  supporting  a  column  of  mercury  26  inches  in  height.  It 
is  evident,  therefore,  that  the  spring  current,  at  least,  is  partly  owing  to 
absorption  by  the  roots,  in  the  cells  of  which  decomposition  and  solution  of 
starch  are  effected,  and  which  must  in  consequence  absorb  water  greeddy ; 
the  engorgement  of  the  tissues  may  cause  the  liquids  to  be  forced  into  and 
upwards  along  the  course  of  the  vessels  and  ducts. 

In  woody  stems  osmose  also  comes  into  play  in  conjunction  with 
capillary  action  and  pressure  dependent  on  the  various  causes  before  named. 
Pressure  resulting  from  increased  temperature  is  illustrated  by  the  cir- 
cumstance that  the  flow  of  sap  in  the  trunks  of  trees  is  greatest  during  the 
daytime,  when  the  trunk  absorbs  the  sun's  heat  by  its  rough  surface, 
and  least  at  night,  when  the  tree  is  cooled  by  radiation.  In  the  leaves  the 
transpiration  and  the  movements  effected  by  the  wind  afl'ord  the  main 
causes  for  the  rush  of  sap.  In  the  expanding  leaf-buds,  and  in  all  portions 
of  the  plant  where  vegetation  is  going  on  actively  and  where  in  conse- 
quence large  quantities  of  nutriment  are  required,  the  chemical  transforma- 
tion of  the  cell-contents,  which  renders  them  available  for  nutritive  pur- 
poses, necessitates  a  large  quantity  of  water;  and  in  consequence  an 
endosmotic  current  is  produced.  This  chemical  action  does  not  necessarily 
occur  at  the  very  point  where  growth  is  most  active,  generally,  indeed, 
elsewhere,  in  what  may  be  termed  the  store-cells,  so  that  a  current  is 
determined  from  the  store-cells  to  the  growing  points. 

The  transfers  just  alluded  to  may  be  compared  to  a  row  of  firemen 
handing  on  pails  of  water,  in  the  absence  of  a  hose  or  continuous  pipe, 
such  as  is  represented  by  the  blood-vessels  of  an  animal. 

The  spring  ascent  of  sap  in  Dicotyledons  is  partly  to  be  accounted  for  by 
the  solution  of  starch,  or  the  decomposition  of  fixed  oil  &c,  in  the  buds  and 
cambium-region,  as  above  mentioned  (just  as  occurs  in  the  root  or  in  a  seed 
beginning  to  germinate).  But,  as  has  been  observed  by  von  Mohl,  the 
inspissated  juices  thus  formed  do  not  lie  in  the  sap-wood  wherein  the 
ascendinp-  current  flows,  but  in  the  cambium-layers  where  the  elaborated 
sap  descends ;  and  it  is  not  clear  why  the  ascending  fluid,  if  moved  by 
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endosmose  alone,  does  not  pass  out  laterally  into  the  cambium  as  soon  as 
it  reaches  the  stem.  That  the  buds,  however,  do  exert  this  attractive 
force  is  seen  by  the  influence  of  the  heat  of  a  greenhouse  m  causing  tne 
flow  of  sap  in  a  Vine  which  is  planted  with  its  roots  outside  the  house 
and  its  stem  brought  inside  and  trained  there. 

766.  In  the  leaves  (and  green  portions  of  plants  generally)  the 
very  important  phenomenon  of  evaporation  or  transpiration  of  watery 
vapours  occurs,  and  constitutes  probably  the  most  important  agent  of 
all  in  causing  the  supply  and  diffusion  of  food  in  plants.  It  has 
been  stated  above  (§  758)  that  plants  absorb  their  liquid  food  pas- 
sively by  their  roots;  therefore,  under  equal  external  conditions,  a 
plant  should  receive  the  nutrient  matters  derived  from  its  liquid 
food  in  the  ratio  of  the  quantity  of  water  passing  through  its  tissues 
and  evaporated  from  its  leaves  &c,  since  the  water  passes  off  almost 
as  pure  vapour,  and,  at  all  events,  leaves  its  mineral  constituents  be- 
hind. The  amount  of  evaporation  is  remarkably  great,  and  accounts 
in  some  degree  for  the  sustenance  of  plants  by  such  extremely  dilute 
solutions  of  their  nutrient  matters  as  they  find  in  the  soil. 

The  experiments  of  Lawes  and  Gilbert  give  the  following  average  daily 
loss  of  water  in  the  months  indicated,  in  pots  of  unmanured  soil,  the  first 
line  from  Wheat,  the  second  from  Peas : — 

March  19tli  March  28th    April  28th     May  25th      June  28th       July  28th        Aug.  11th 

to  to  to  to  to  to  to 

March  28th.  April  28th.     May  25th.     June  28th.      July  28th.      Aug.  11th.        Sept.  7th. 

14-3        40-9        162-4      1177-4      1535-3      1101-4  230-9 
11-2        42-9        106-4      1079-8      2092-7        377-2  — 

The  total  amount  of  water  given  off  during  the  whole  period  of  172 
days  (March  19  to  Sept.  7)  was,  by  the  Wlieat,  113,527  grains,  by  the 
Peas,  109,082  grains.  The  total  quantity  of  mineral  ash  from  each  of 
the  samples  was,  Wheat,  36-49  grains,  and  Peas  43-16  grains,  which  shows 
that  the  Wheat  took  up  32-14  grains,  and  the  Peas  39-57  grains  of  mi- 
neral matter  in  every  100,000  grains  of  water  which  evaporated  from  it. 

The  amount  of  transpiration  depends  on  the  age  of  the  plant,  the 
amount  of  surface  exposed,  the  nature  of  the  epidermis,  the  texture  of  the 
leaf,  &c. ;  thus  it  is  usually  greatest  on  the  lower  surfaces  of  leaves,  which 
are  provided  with  the  greatest  number  of  stomata.  External  conditions, 
such  as  the  degree  of  moisture  in  or  the  temperature  of  the  ah,  also 
exert  great  influence  on  transpiration  ;  the  drier  and  hotter  the  atmosphere, 
the  greater  the  transpiration.  Light  also  has  great  effect  on  the  quantity 
evaporated ;  but  it  is  difficult  to  separate  its  effects  from  those  of  heat. 

In  the  spring,  before  the  expansion  of  the  buds,  absorption  is  neces- 
sarily greater  than  transpiration,  the  water  in  such  a  case  is  stored  in  the 
stem,  where  it  is  made  available  for  the  expanding  buds  and  growing 
tissues  generally.  In  the  summer  the  transpiration  is  greater  than  the 
absorption ;  and_  then  the  leaves  depend  for  their  supply  on  the  stores  in 
the  stem,  or,  failing  that,  they  wither.  Even  in  winter,  provided  the 
stem  be  not  absolutely  frozen,  there  is  a  motion  of  the  juices,  dependent 
to  a  great  extent  on  the  temperature  of  the  soil,  which'  is  always  in  that 
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season  higher  than  that  of  the  air,  and  it  increases  in  amount  from  the 
surface  downwards. 

767.  As  regards  the  special  tissues  through  which  the  sap  flows, 
the  experiments  of  Hoffmann  and  others  indicate  that  a  very  uniform 
diffusion  of  fluids  takes  place  in  the  Cellular  plants  and  in  the  Mosses. 
But  the  last-named  physiologist  found  that  in  the  plants  possessed  of 
fibro-vascular  bundles,  the  fluids  passed  up  in  the  first  instance  from 
the  roots  chiefly  in  the  prosenchymatous  cellular  constituents  of  the 
bundles.  These  experiments  were  made  by  causing  the  plants  to 
absorb  ferrocyanide  of  potassium ;  and  then,  by  treating  sections  of 
them  with  a  per-salt  of  iron,  the  course  of  the  sap  was  shown  by  the 
local  appearance  of  Prussian  blue. 

Unger's  experiments,  in  which  he  caused  plants  to  absorb  the  red  juice 
of  the  berries  of  Phytolacca,  gave  the  same  results.  As  a  rule,  it  was 
foimd  by  both  observers  that  the  fluids  did  not  pass  by  the  spiral  vessels 
themselves,  unless  the  continuity  of  the  absorbing  surface  of  the  roots 
had  been  destroyed.  Herbert  Spencer's  experiments,  however,  show  that 
the  passage  through  the  vessels  is  much  more  rapid  than  through  the 
cellular  tissue.  Where  cut  branches  are  caused  to  absorb,  the  fluids  rise 
in  the  open  vessels  and  ducts  by  simple  capillarity. 

768.  The  spiral  and  other  vessels  do  not  always  participate  in  the 
diffusion  of  the  juices ;  but  in  the  commencemeut  of  the  growing 
ing-season  (with  us,  in  spring),  the  whole  tissue  becoming  gorged 
with  fluid,  the  vessels  are  commonly  found  full  of  sap.  In  the 
regular  steady  course  of  vegetation  the  spiral  vessels  are  usually 
found  filled  with  air. 

The  intercellular  passages  are  also  filled  with  air,  except  under 
peculiar  circumstances,  and  therefore  take  no  part  in  the  distribution 
of  the  sap. 

769.  The  experiments  which  have  been  made  to  ascertain  the 
course  of  the  fluids  absorbed  by  the  roots,  tend  to  show  that  the  sap 
passes  upward  in  the  elongated  cells  associated  with  vessels  in  the 
fibro-vascular  bundles,  towards  and  into  the  leaves  and  other  organs. 
The  distribution  of  the  fluids  must  therefore  be  very  different  in 
stems  differently  organized  as  regards  the  arrangement  of  these 
bundles.  In  Monocotyledons  we  find  a  series  of  isolated  streams; 
in  Dicotyledons  the  fluids  ascend  in  a  much  freer  and  wider  course, 
in  the  more  abundant  wood  of  the  regularly  arranged  circle  of  bun- 
dles (§  665).  A  further  diversity  arises  from  the  changes  which 
take  place  in  stems  with  age :  in  Dicotyledons  I  he  inner  layers  of 
wood  generally  become  converted  in  the  course  of  time  into  heart- 
wood  (§  670),  the  solidity  of  which  obstructs  the  passage  of  fluids, 
which  then  ascend  chiefly  in  the  outer,  younger  layers  of  wood,  which 
constitute  the  alburnum  or  sap-wood. 

This  is  illustrated  by  the  vegetation  of  hollow  Dicotyledonous  trees,  in 
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which  a  sufficient  layer  of  young  wood  remains  within  the  hark  to  carry 
up  the  absorbed  fluids.  It  is  found  that  the  careful  removal  of  the  heart- 
wood  of  trees  does  not  prevent  the  supply  of  liquid  to  the  branches  from 
the  roots ;  but  if  the  lavers  of  sap-wood  are  removed,  the  upper  parts  of 
the  tree  die  from  desiccation,  even  when  the  bark  is  left  uninjured  except 
to  such  an  extent  as  is  sufficient  to  allow  of  removing  the  wood  beneath. 
The  removal  of  a  ring  of  bark  does  not  prevent  the  ascent  of  fluid,  but, 
as  will  be  noticed  presently,  arrests  the  downward  distribution. 

770.  A  certain  amount  of  lateral  diffusion  takes  place  from  the 
ascending  current,  supplying  the  surrounding  tissues  with  water, 
and,  perhaps,  nitrogenous  materials ;  but  this  point  is  not  clear. 

771.  The  fluid  which  is  found  in  the  sap-wood  of  Dicotyledons  is 
of  a  watery  character,  containing  dextrine  and  sugar,  but  not  starch, 
chlorophyll,  or  any  colouring-matter.  It  contains  also  mineral  salts 
absorbed  by  the  roots,  in  an  undecomposed  condition,  at  considerable 
heights  in  the  stem.  These  fluids  are  called  crude  saps,  and  occur 
in  especial  abundance  at  the  time  (spring)  when  the  renewed  che- 
mical activity  in  the  developing  cellular  tissues  causes  an  increased 
absorption  of  fluids. 

This  crude  sap  flows  out  freely  from  incisions  into  the  sap-wood  of 
Dicotyledonous  trees  in  spring,  and  sometimes  spontaneously  bursts  forth 
in  a  kind  of  overflow,  as  in  what  gardeners  call  "bleeding"  of  Vines, 
Birches,  &c. 

772.  The  crude  sap  becomes  more  and  more  condensed  as  it  as- 
cends in  the  stem  and  other  organs.  In  the  leaves  and  other  green 
parts  it  undergoes  a  most  important  transformation,  loses  by  trans- 
piration much  of  its  water,  and  receives  a  new  element  in  its 
composition,  of  the  highest  importance  to  it  as  material  for  develop- 
ment, namely  carbon,  derived  from  the  carbonic  acid  absorbed  by 
the  leaves  and  decomposed  there  in  sunlight,  with  the  liberation  of 
oxygen. 

773.  The  nature  of  the  progress  of  the  sap  thus  elaborated  from 
the  leaves  into  the  cambium-region  (§  666)  of  the  stem  and  other 
parts  is  at  present  obscure.  Some  authors,  indeed,  totally  deny  that 
the  elaborated  sap  does  descend ;  but  this  is  in  contradiction  to  all 
experience  and  observation.  All  experiments  which  have  been  made 
favour  the  opinion  that  there  is  a  descent  of  sap  elaborated  in  the 
leaves,  in  Dicotyledons  at  least,  in  that  part  of  the  fibro-vascular 
bundles  coinciding  with  the  cambium-ring  of  the  stem — that  is,  in 
the  cambium-layer  of  the  wood  and  in  the  internal  tissue  of  the 
bark.  This  supplies  the  material  for  the  development  of  new  wood 
in  the  fibro-vascular  layers  ;  and  this  elaborated  sap  evidently  passes 
not  only  downward,  but  also  inward,  by  lateral  transmission,  since 
we  find  in  autumn  starch-granules  laid  up  in  the  medullary  rays 
between  the  wedges  of  developed  wood. 

The  sap  therefore  performs  a  kind  of  circulation  in  Dicotyledons, 
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not  in  a  proper  system  of  vessels,  but  by  a  series  of  disturbances 
and  restorations  of  equilibrium  in  a  mass  of  permeable  tissues,  de- 
pendent upon  local  physical,  chemical,  and  developmental  actions. 

The  evidence  of  a  descent  of  elaborated  sap  is  overwhelming.  The 
simplest  proof,  that  of  removing  a  ring  of  bark,  which  causes  the  arrest 
of  development  of  wood  below  the  ring,  is  borne  out  by  all  variations 
of  it.  Ringing  fruit-trees  in  this  way  causes  a  temporary  increase  of 
product  of  fruit  above  the  wound,  from  the  accumulation  of  the  ela- 
borated matter  there.  The  formation  of  tubers  in  the  Potato  and  similar 
plants  is  prevented  by  interrupting  the  continuity  of  the  cortical  layers : 
and  when  bark  is  removed  in  patches,  and  the  surface  becomes  gradually 
grown  over  by  new  wood,  the  greater  part  of  the  new  growth  comes  from 
the  upperside. 

It  is  Mulder's  view,  that  all  the  nitrogenous  constituents  of  plants  are 
not  only  absorbed  by  the  roots,  but  assimilated  there  at  once,  and  that 
carbon  is  fixed  in  the  green  organs — then,  that  a  continual  interchange 
goes  on  from  above  and  below,  the  roots  supph'ing  protoplasmic  matters 
(§  597)  which  originate  all  organic  phenomena,  while  the  leaves  send 
down  the  ternary  compounds  (C  H  0)  which  afford  the  material  for  cell- 
membrane,  starch,  &c.  This  author  attributes  the  distribution  to  simple 
endosmose  ;  but  this  does  not  account  for  the  passage  of  crude  sap  through 
the  alburnum  and  of  elaborated  nutriment  through  the  inner  bark.  Other 
authors  consider  that  organic  substances  (carbo-hydrates,  albuminoids,  &c.) 
are  formed  in  the  leaves ;  in  such  a  case  a  descent  of  the  sap  must  of 
necessity  occur. 

774.  Sachs  states  that  the  elaborated  sap  in  the  cellular  tissue  is 
different  from  that  in  the  vascular ;  "  the  parenchymatous  tissues 
have,"  says  he,  "  an  acid  sap,  containing  sugar,  starch,  oil,  vege- 
table acids,"  &c.  The  vascular  and  prosenchymatous  tissues,  in- 
cluding the  "  vasa  propria  "  and  clathrate  cells  (§§  585,  624),  have 
an  alkaline  sap.  The  sap  passing  through  these  tissues  is  of  an 
albuminous  nature.  Other  physiologists,  however,  doubt  whether 
any  such  sharply  defined  dual  nature  of  the  elaborated  sap  exists, 
though  admitting  the  large  share  which  the  vasa  propria  fill  in  the 
descent  of  the  elaborated  juices. 

775.  We  may  conclude  this  portion  of  the  subject  by  repeating 
that  the  nutrient  fluids  in  plants  follow  certain  directions,  according 
to  the  structure  and  arrangement  of  the  tissues,  the  locality  of  the 
sources  of  nutriment  and  of  growth  or  other  action  ;  and  as  regards 
the  elaborated  fluid  the  movement  may  be,  1;  from  the  place  of 
formation  to  that  of  consumption,  or,  2,  to  the  store-cells  or  reser- 
voirs, or,  3,  from  these  latter  to  the  place  of  consumption.  The 
ascending,  descending,  or  horizontal  direction  of  the  current  is 
therefore  a  secondary  matter. 

To  illustrate  the  movement  and  transference  of  nutrient  matters,  allusion 
mav  here  be  made  to  the  researches  of  M.  A.  Gns  on  the  production  ami 
utilization  of  Starch  &c.   This  observer  finds  that  m  winter-tune  the 
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medullary  ravs,  wood,  and  pith  are  all  tilled  with  starch-grains.  These 
diminish  in  spring,  hut  are  afterwards  replaced  during  the  summer.  He 
concludes  from  this  that  there  are  two  special  movements  of  the  nutrient 
substances,  as  illustrated  by  their  formation  in  summer  and  their  absorp  - 
tion  in  the  following  spring. 

Sect.  5.  Elaboration  of  the  Food. 

776.  "When  green  plants  are  placed  in  water  containing  dissolved 
carbonic  acid,  and  exposed  to  sunlight,  they  give  off  oxygen  gas. 

This  may  be  readily  observed  in  Vallisneria  and  other  submerged  green 
plants  grown  in  glass  jars,  a  continuous  stream  of  bubbles  escaping  from 
the  plants  when  standing  in  the  sunshine.  The  frothy  masses  of  Con- 
ferva;, borne  up  to  the  surface  of  freshwater  pools  in  sunny  weather,  by 
the  entangled  bubbles  of  oxygen,  afford  another  common  instance. 

The  absorption  of  carbonic  acid,  and  the  elimination  of  oxygen  in  the 
case  of  aquatic  plants,  and  also  in  that  of  leathery  leaves  as  in  the  Cherry 
Lam-el,  where  there  are  comparatively  few  stomata,  take  place  on  the 
upper  surface  only. 

777.  Where  no  carbonic  acid  exists,  as  in  boiled  or  distilled  water, 
no  oxygen  is  liberated.  Leafy  shoots  remaining  attached  to  trees, 
but  enclosed  in  close  glass  globes,  increase  the  percentage  of  oxygen 
in  the  globes  when  exposed  to  daylight ;  and  cut  shoots  with  the 
lower  ends  placed  in  water  containing  carbonic  acid  in  solution, give  off 
more  oxygen  than  if  the  lower  ends  dipped  in  water  devoid  of  acid. 

The  oxygen  exhaled  by  leaves  &c.  is  formed  at  the  moment  of  its 
liberation  ;  for  Confervae,  which  have  no  air-passages,  and  other  plants 
which  have  had  their  air-passages  exhausted  by  the  air-pump,  give 
off  oxygen  under  the  above  circumstances.  Fragments  of  leaves 
perform  the  same  function  so  long  as  their  organization  is  uninjured, 
while  the  destruction  of  the  cells  by  pressure  &c.  stops  the  action. 
The  epidermal  cells  (§  633)  exhale  no  oxygen. 

The  unlike  influence  of  the  different  rays  of  the  spectrum  is  very  re- 
markable. According  to  Draper,  whose  observations  have  been  confirmed 
by  numerous  observers,  sunlight  acts  in  proportion  to  its  illuminating 
power  in  the  deoxidating  process;  which  appears  to  be  just  the  reverse 
of  what  occurs  in  the  reducing  action  of  light  upon  silver.  The  yellow 
rays  are  almost  as  powerful  as  white  light ;  while  the  more  refrangible 
rays,  blue,  violet,  &c,  have  little  or  no  effect  on  the  emission  of  oxygen, 
though  it  is  probable  they  may  exert  great  influence  on  the  chemical 
transformations  which  follow  that  process.  In  green  light  the  leaves 
emit  carbonic-acid  gas,  as  in  darkness.  Diffused  light  is  rich  in  the  more 
refrangible  rays,  and  hence  causes  a  scanty  emission  of  oxygen.  Prillieux, 
however,  asserts  that  the  amount  of  oxygen  emitted  by  light  of  different 
colours  is  in  direct  proportion  to  their  illuminating-power,  and  that  the 
effect  of  the  yellow  and  red  rays  in  causing  the  disengagement  of  oxygen 
is  due  to  their  luminous  intensity.  A  corresponding  fact  has  been  noticed 
with  regard  to  the  evaporation  of  water,  so  that  the  two  phenomena 
would  appear  to  be  in  some  way  connected. 
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778.  The  quantity  of  oxygen  given  off  bears  a  definite  proportion 
to  the  carbonic  acid  absorbed  by  a  plant ;  but  excess  of  carbonic  acid 
becomes  obnoxious  to  health. 

779.  It  would  appear  that  nitrogen  is  also  given  off  by  plants  ex- 
posed to  sunlight.  Draper  observed  considerable  quantities  exhaled ; 
and  Cloez  and  Gratiolet  noticed  more  than  was  attributable  to  air 
accidentally  present  in  the  intercellular  passages. 

Boussingault  asserts  that  in  the  case  of  marsh  plants  a  small  proportion 
of  carbonic  oxide  is  exhaled  by  the  green  parts  of  plants,  but  probably  not 
under  normal  conditions. 

780.  When  the  influence  of  the  sun  is  withheld  from  green  plants, 
they  cease  to  give  off  oxygen ;  carbonic  acid  is  now  not  absorbed  but 
exhaled,  oxygen  being  absorbed  from  the  surrounding  medium. 

Some  entire  plants  (Fungi  and  parasites)  aud  certain  parts  of  most 
others  (roots,  flowers,  germinating  seeds,  &c.)  absorb  oxygen  at  all 
times  and  exhale  carbonic  acid. 

The  carbonic  acid  given  off  from  the  interior  of  stems,  roots,  &c. 
by  day  is  probably  reabsorbed  and  decomposed  in  the  green  parts 
before  it  arrives  at  the  surface  of  the  leaves. 

According  to  De  Saussure,  if  a  plant  is  kept  in  a  perfectly  closed  jar 
containing  a  measured  quantity  of  atmospheric  air,  for  several  days  and 
nights  (an  equal  number  of  each),  no  change  is  found  in  the  volume  or  com- 
position of  the  air ;  the  plant  has  exhaled  oxygen  by  day  and  absorbed  it 
by  night,  and  exhaled  carbonic  acid  by  night  and  decomposed  it  by  day, 
in  equal  proportion.  But  if  this  plant  is  watered  with  solution  of  car- 
bonic acid,  or  this  gas  is  added  to  the  air,  the  quantity  of  oxygen  in  the 
air  becomes  increased.  Under  ordinary  circumstances  the  leaves  decom- 
pose by  day  much  more  carbonic  acid  than  they  exhale  by  night.  The 
disengagement  of  oxygen  has  been  observed  in  some  aquatic  plants  to  go 
on  in  the  dark  for  some  hours  after  exposure  to  the  sun.  The  sun's  light 
is  thus  stored  away  in  the  plant  and  rendered  available  in  some  form  or 
other  when  wanted. 

781.  If  plants  are  placed  under  such  circumstances  that  they  cannot 
decompose  carbonic  acid  and  exhale  oxygen  (by  excluding  light  from 
them),  they  never  acquire  proper  development;  no  green  colour 
appears  (they  are  etiolated),  little  or  no  woody  matter  is  formed  in 
the  walls  of  the  cells,  and  the  whole  energy  is  consumed  in  pushing 
out  weak  watery  shoots  ;  scarcely  any  of  the  peculiar  resinous,  milky, 
or  other  secretions  is  produced ;  and  plants  can  only  subsist  under 
these  circumstances  when  supplied  with  organic  nutriment. 

We  see  this  when  shoots  are  developed  from  Potato-tubers  in  the  dark, 
in  the  cultivation  of  Celery  and  other  blanched  plants,  &c. 

782.  A  moderate  addition  of  carbonic  acid  to  the  food  of  a  plant, 
with  free  access  of  light  and  air,  is  mostly  accompanied  by  acceleration 
of  the  nutrient  processes  and  a  more  abundant  liberation  of  oxygen. 

Many  green  plants  will  flourish  in  sunlight  on  water  and  carbonic  acid 
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alone.  Saussivre  found  that  the  organic  matter  of  plants  increased  in  the 
proportion  of  2  to  1  of  the  carbon  contained  in  the  carbonic  acid ;  the 
elements  of  water  being  combined  with  the  carbon. 

783.  When  plants  are  placed  in  pure  nitrogen  gas,  or  in  vacuo,^  all 
the  functions  of  vegetation  arc  arrested  ;  not  only  do  the  chemical 
actions  above  noticed  cease,  but  irritability,  like  that  of  the  Sensitive- 
plants  .fee.,  is  lost,  and  the  plant  decays.  Even  shoots  separately 
enclosed  suffer  in  the  same  way.  The  death  occurs  especially  early 
when  the  plant  is  kept  in  the  dark. 

This  accounts  in  some  degree  for  the  injury  resulting  from  roots  grow- 
ing down  too  deeply  into  the  ground,  as  is  often  observed  with  fruit-trees. 

784.  It  appears  therefore  that  there  are  two  opposed  sets  of 
operations  in  which  plants  have  close  and  important  relations  to  the 
atmosphere.  In  the  one,  occurring  when  they  are  exposed  to  the 
sun's  light,  carbon  is  fixed,  which  must  be  regarded  as  a  process  of 
assimilation.  In  the  other,  going  on  always  in  the  dark,  and  during 
the  day  in  many  parts  of  plants,  oxygen  is  absorbed  and  carbonic 
acid  is  exhaled,  as  in  the  respiration  of  animals.  The  former  process 
is  absolutely  necessary  for  the  production  of  new  ternary  compounds 
(C  H  0),  but  the  latter  appears  absolutely  requisite  for  the  main- 
tenance of  the  life  of  the  plant. 

The  passage  of  gases,  of  whatever  nature  and  in  whichever  direction,  is 
dependent  on  the  laws  of  diffusion ;  the  cuticle  of  the  leaf  in  these  cases 
acts  as  a  dialyzer  or  filter,  checking  evaporation,  but  permitting  the  pas- 
sage of  gases. 

785.  The  assimilative  process,  in  which  oxygen  is  liberated,  ac- 
companied by  accumulation  of  carbon  in  the  tissues,  is  evidently 
related  to  the  formation  of  the  remarkable  series  of  neutral  ternary 
compounds  which  constitute  the  great  bulk  of  the  substance  of 
plants,  and,  further,  to  the  production  of  the  more  obscure  and  far 
more  complex  and  varied  series  of  substances  formed  by  a  further 
removal  of  oxygen  from  the  compounds  of  the  first  class. 

The  composition  of  the  principal  constituents  of  cellular  tissues,  and 
the  substances  found  in  the  watery  cell-sap,  is  generally  such  that  they 
may  be  regarded  as  consisting  of  carbon  plus  the  elements  of  water ;  but 
it  is  by  no  means  to  be  regarded  as  settled  that  they  are  secondaiy  com- 
pounds formed  by  the  union  of  water  with  carbon. 

The  formation  of  crystalline  acids,  such  as  oxalic  acid  &c,  is  theoretically 
accounted  for  by  a  process  of  deoxidation.  A  further  deoxidation  of 
carbonic-acid  gas  and  water  would  result  in  the  formation  of  the  different 
carbo-hydrates,  cellulose,  starch,  sugar,  &c.  A  still  greater  loss  of  oxygen 
would  account  for  the  formation  of  vegetable  fats  &c. :  thus  from  six 
equivalents  of  carbonic  acid  and  five  of  water  we  may  suppose  starch, 
'  ! '  io»  03,  to  be  formed  and  12  atoms  of  oxvgen  set  free, 
6OOa+5H2O=OMH10,  Os+}20. 

786.  The  formation  of  the  neutral  ternary  compounds  being  con- 
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stantly  in  relation  to  the  absorption  of  carbonic  acid  (CO2)  and  the 
passage  of  water  (H20)  through  the  tissues,  with  the  exhalation  of 
oxygen,  it  has  been  assumed  that  assimilation  of  carbon  in  the  green 
parts  of  plants  is  the  result  of  decomposition  of  carbonic  acid  and  of 
the  combination  of  the  carbon  with  water.  As  Licbig,  however,  indi- 
cated, water  is  far  more  easily  decomposed  than  carbonic  acid,  and 
perhaps  the  oxygen  may  be  derived  from  that,  its  hydrogen  uniting 
with  carbonic  acid. 

There  is  no  evidence  to  show  which  view  is  correct.  In  the  next 
place,  Draper  regards  the  decomposition  of  carbonic  acid  as  a  process 
resulting  from  contact-action  or  fermentation  excited  by  the  nitro- 
genous protoplasm,  accompanied  by  a  waste  of  the  latter,  in  which 
nitrogen  is  liberated.  Mulder,  on  the  other  hand,  believes  that  the 
carbonic  acid  enters  into  combination  with  some  substance  existing 
in  the  protoplasm,  and  that  the  oxygen  is  set  free  by  the  decompo- 
sition of  this  compound ;  for  example,  that  chlorophyll  is  produced 
continually  in  sunshine,  the  wax  associated  with  this  being  formed 
from  starch,  accompanied  by  a  separation  of  oxygen,  that  this  oxy- 
gen partly  escapes  and  partly  oxidizes  the  chlorophyll  substance, 
and  causes  it  to  become  green. 

Of  these  views,  Draper's  appears  the  most  worthy  of  credit,  as 
agreeing  best  with  the  phenomena  observed  in  the  cell-contents. 
Chlorophyll  does  not  originate  from  starch,  but  usually  vice  versa ; 
and  it  is  quite  admissible  to  assume  a  deoxidating  contact-action  of 
the  protoplasm  under  the  influence  of  light,  when  we  observe  a 
distinct  oxidizing  contact-action  of  the  same  part  of  the  cell-contents 
in  the  dark,  as  in  the  decomposition  produced  by  the  growth  of  the 
Yeast-plant  (§  740). 

787.  As  to  the  nitrogenous  constituents  of  plants,  we  know  little 
at  present  beyond  the  fact  that  they  originally  exist  in  the  form  of 
protoplasmic  substance,  which,  according  to  Mulder,  consists  of  modi- 
fications of  the  substance  called  proteine,  known  as  vegetable  albu- 
men, fibrine,  caseine,  &c.  They  constitute  the  substance  of  the 
primordial  utricle  (§  596),  the  chief  agent  in  development,  and  the 
protoplasm  (§  597),  on  which  chiefly  depend,  in  all  probability,  the 
vital  and  chemical  activity  of  the  cell-contents.  These  have  the 
power  of  decomposing  organic  compounds  by  contact-action,  and  per- 
haps of  causing  new  organic  combinations.  How  they  originate 
themselves  is  unknown;  but  it  appears  most  probable  that  their 
source  is  either  ammonia  in  combination  with  organic  substances,  or 
in  some  cases  nitrates  ;  and  it  is  most  probable  that  there  is  ground 
for  Mulder's  opinion  that  all  actively  vegetating  cells  (containing 
protoplasm)  are  capable  of  directly  assimilating  organic  matters  to 
some  extent,  whether  exposed  to  light  or  not  (§  741). 

This  seems  borne  out  by  the  universal  presence  of  these  nitrogenous 
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compounds  in  actively  vegetating  cells,  in  roots,  parts  of  the  flo^r,  m 
cambium,  &c,  as  well  as  in  green  organs.  That  the  crude  sap  (§  ill)  is 
found  to  contain  uncombined  ammoniacal  salts  high  up  in  the  stem  in 
spring  may  result  from  the  activity  of  the  currents  of  fluid  allowing  part 
of  them  to  flow  on  undecomposed,  while  a  part  only  is  assimilated  in  the 
roots. 

Proteinaceous  matters,  it  may  now  be  stated  with  some  confidence, 
originate  in  the  colourless  protoplasm  from  the  decomposition  of  sugar 
and  ammonia  salts  in  the  same  manner  as  starch  is  formed  in  the  chloro- 
phyll under  the  influence  of  light.  Pasteur  induced  the  formation  of 
protoplasm  in  yeast-cells  by  supplying  them  with  a  saccharine  solution 
and  a  nitrate  or  ammonia  salt. 

Our  space  compels  us  to  restrict  this  Section  within  narrow  limits,  and 
we  are  obliged  to  omit  any  special  reference  to  the  application  of  these 
generalizations  to  the  explanation  of  the  facts  of  Agriculture  *.  The  whole 
question  is  in  a  state  of  transition  :  much  progress  has  been  made  in  ac- 
cumulating facts,  but  few  points  have  been  absolutely  ascertained.  The 
student  is  recommended  to  study  works  on  physics  and  organic  chemistry. 
Vegetable  physiology  is  daily  becoming  more  and  more  a  subject  for  the 
physicist  and  chemist ;  and  without  a  knowledge  of  the  subjects  treated  of 
by  "students  of  these  sciences,  progress  in  vegetable  physiology  is  impossible. 

Sect.  6.  Development  and  Secretion. 

788.  At  the  commencement  of  the  periods  of  activity  of  plants,  as 
when  they  shoot  up  from  seeds,  or  when  the  new  shoots  are  pushed 
out  in  spring,  the  whole  product  of  the  elaborating  processes  is 
devoted  to  the  formation  of  new  structure,  to  development.  As  the 
season  advances  the  cell-forniing  activity  slackens,  the  permanent 
tissues  become  consolidated  by  the  formation  of  secondary  deposits, 
and  the  parenchymatous  tissues  appear  loaded  with  accumulated 
products  of  assimilation,  such  as  chlorophyll,  starch-granules,  &c, 
which  in  annual  plants  are  subsequently  consumed  in  the  matura- 
tion of  the  seeds,  and  in  perennials  are  gathered  together  in  autumn 
and  stored  up  in  those  tissues  which  are  to  carry  on  the  development 
in  the  succeeding  season. 

789.  The  phenomena  of  development  have  been  sufficiently  dwelt 
upon  incidentally  in  preceding  Sections  (§§  692-709  &c.)  ;  but  we 
have  still  to  speak  of  certain  processes,  occurring  more  or  less  ex- 
tensively in  plants,  contemporaneously  with  development,  in  which 
products  are  formed  which  are  not,  like  starch,  chlorophyll,  &c., 
evidently  transitory  forms  of  assimilated  substance.  These  sub- 
stances, called  by  the  general  name  of  secretions,  are  of  most  varied 
kinds,  and  their  relation  to  the  economy  of  vegetable  life  is  still  very 
obscure ;  but  a  brief  notice  of  the  most  striking  of  them  is  indis- 
pensable. 

*  The  student  will  find  a  useful  summary  of  chemical  science  applied  to 
agriculture  in  a  little  work  called  '  How  Crops  grow '  (MacMillan). 
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A  distinction  is  sometimes  made  between  the  peculiar  products  found 
in  the  interior  of  cells,  and  those  which  are  accumulated  in  certain  cases 
in  intercellular  passages  or  cavities,  or  upon  the  outer  surface  of  cell- 
membranes,  the  former  being-  called  secretions  and  the  latter  excretions. 

790.  The  principal  substances  secreted  by  plants  are  air,  water, 
gum,  sugar,  volatile  oils,  balsams,  resins,  gum-resins,  and  salts, 
either  entirely  inorganic,  or  formed  of  combinations  of  mineral  bases 
with  organic  acids  &c. ;  besides  these  there  occur  in  individual 
Orders  a  multitude  of  alkaloids,  neutral  substances  of  various  kinds, 

louring-principles,  &c. 

791.  The  liberation  of  gases  in  intercellular  passages,  cavities,  &c. 
(§  641)  occurs  both  as  a  necessary  accompaniment  to  the  chemical 
decompositions  going  on  in  the  cells,  and  as  a  special  process  con- 
nected with  peculiar  habit  of  plants  &c,  as  in  the  Utricularice 
(§  470),  in  the  air-sacs  of  Fucus  vesiculosus,  &c.  The  composition  of 
the  air  found  in  the  cavities  of  plants  necessarily  depends  upon  the 
external  conditions,  as  under  sunlight  there  is  generally  a  greater 
proportion  of  oxygen  than  exists  in  common  air,  in  the  dark  but 
excess  of  carbonic  acid. 

792.  "Water  is  given  off  in  a  liquid  form  by  various  plants,  either 
from  glandular  papillae,  or  from  the  general  surface  of  leaves  &c. 
In  Nepenthes  distillatoria,  Sarracenia,  &c.  water  is  secreted  in  the 
pitchers  (§  101)  wherein  it  accumulates.  The  leaves  of  various  Mu- 
saceae,  Araceae,  Grasses  and  other  Monocotyledons,  Tropceolum,  Im- 
patiens,  Brassica  oleracea,  &c.  give  off  drops  of  water  from  the  leaves. 
In  Oaladium  there  exist  orifices  at  the  points  of  the  leaves,  commu- 
nicating with  internal  canals,  whence  great  quantities  of  water  flow 
(half  a  pint  in  one  night).  This  water  is  of  course  contaminated 
with  salts  and  small  quantities  of  soluble  organic  matters. 

793.  Gum  is  usually  poured  out  into  and  accumulated  in  inter- 
cellular passages,  as  in  the  Cycadaceae,  in  the  bark  of  the  Acacias, 
Cherry,  &c.  When  it  is  formed  in  large  quantities,  it  bursts  the 
tissues  and  exudes  in  the  form  of  tears.  The  formation  of  the  gum 
Tragacanth  in  the  species  of  Astragalus  is  different  from  this,  con- 
sisting of  collenchymatous  thickening  of  the  cells  of  the  pith  and 
medullary  rays,  which  swell  by  absorption  of  water,  and  burst  out 
from  the  stem  under  certain  circumstances.  The  peculiar  organs 
called  cystolitlies  (§  612)  have  a  gummy  excretion  as  a  basis,  in  the 
form  of  a  clavate  body,  suspended  in  the  interior  of  an  enlarged  roll 
by  a  cellulose  pedicle ;  when  mature  these  bodies  are  covered  with 
crystals  of  carbonate  of  lime  ;  they  are  especially  common  in  Urti- 
eacese.  as  in  Ficus  elastica,  Morns,  Broussonetia,  &o. 

794.  Sngar,  commonly  occurring  as  one  of  the  soluble  forms  of  the 
assimilated  ternarv  substances,  is  occasionally  excreted,  especially 
from  the  parts  of  flowers,  such  as  the  so-called  nectaries.  Through 
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evaporation  of  water  the  sugar  sometimes  appears  in  a  crystalline 
form. 

Sugar  occurs  commonly  in  the  corolla-tubes  of  monopetalous  flowers 
(lilac  &c),  on  the  nectariferous  coronet  of  various  plants,  on  the  glands 
of  petals  like  those  of  Ranunculus,  Pamassia,  Sec,  or  in  pits  in  the  same 
situation,  as  in  some  Liliaceas.  On  the  leaves  of  various  species  of  Acacia 
occur  glands  secreting  sugar;  and  the  same  is  the  case  in  species  ot 
Clerodendron,  Laurustinus,  the  lower  surface  of  young  leaves  of  Primus 
Laurocerasus,  &c.  Various  species  of  Ash  (Fraxinus)  and  Tamarix  excrete 
a  great  quantity  of  saccharine  substance  under  the  form  of  manna. 

The  wounds  inflicted  by  insects  (Aphis)  also  cause  excretion  of  sugar 
from  leaves,  forming  "honey-dew." 

705.  The  volatile  oils  are  extremely  numerous.  They  are  ordi- 
narily secreted  in  glands  (§  645),  either  external  or  internal,  situated 
on  the  herbaceous  parts  of  plants.  They  are  rarely  pure  substances, 
the  essential  oils  usually  containing  dissolved  resinous  matters,  cam- 
phor, or  active  principles  of  various  kinds.  The  odours  of  plants  and 
many  of  their  most  important  qualities  depend  upon  these  secre- 
tions, which  are  generally  peculiar  to  particular  genera  or  Orders  of 
plants,  and  not  unfrequently  differ  in  slight  degrees,  so  as  to  be 
characteristic  of  particular  species  in  an  Order.  The  chemistry  of 
the  formation  of  these  bodies  is  still  very  obscure.  Some  are  hydro- 
carbons ;  others  contain  oxygen  in  addition ;  and  sulphur  plays  an  im- 
portant part  in  many,  especially  in  the  Cruciferoe.  The  only  general 
statement  which  can  be  made  is,  that  the  majority  of  the  essential 
oils  contain  less  oxygen  in  proportion  to  carbon  and  hydrogen  than 
the  dextrine  aud  the  other  neutral  ternary  compounds,  and  that  their 
production  stands  in  a  certain  relation  to  the  access  of  sunlight  to 
the  plants. 

The  Labiatse  with  their  external  epidermal  glands,  the  Hypericacese 
and  Aurantiacere  with  their  internal  glands,  the  Umbellifera?  with  the 
oleiferous  vittae  in  the  fruit,  the  Terebinthacete,  Rutaceaa,  &c.  are  striking 
instances  of  the  occurrence  of  essential  oils  in  particular  Orders. 

796.  Eesins,  solid  or  fluid  (balsams),  are  very  varied.  They  occur 
chiefly  in  intercellular  passages,  or  in  groups  of  cells  especially  de- 
voted to  the  secretion  of  these  products.  Very  little  is  known  of 
the  processes  of  their  formation ;  but  the  same  generalities  apply  to 
them  as  to  the  essential  oils  with  which  they  are  not  unfrequently 
associated. 

Among  the  resin-producing  Orders  may  be  noticed  especially  the  Ooni- 
ferse,  the  Leguminosaj  (Copaifcra,  Myrfixylon,  &c),  Amyridaceaj,  Gutti- 
feros,  Styraceae,  Terebinthaceas,  Liliacese  (Aloe,  Xanthorrhea),  &c. 

797.  Resinous  and  waxy  matters  are  found  in  considerable  abun- 
dance on  the  surface  of  the  leaves  or  fruits  of  many  plants.    It  is  not 
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clear  at  present  how  far  those  are  to  be  regarded  as  proper  excre- 
tions or  as  chemically  metamophosed  epidermal  structures, 

Under  this  head  falls  the  waxy  coat  of  leaves  and  fruits  which  exhibit 
what  is  called  a  "bloom/'  as  the  leaves  of  Priinulaceae  (P.  Avruada. 
Sec),  MesembryanthacesB,  the  fruits  of  the  Plum,  Myricacefe,  &c.  The 
wax  of  the  Wax  Palm  (Ceroxylon)  is  formed  in  flakes  upon  the  surface  of 
the  stem. 

798.  Wax  and  resinous  matters  occur  on  the  outer  coat  of  the 
pollen  of  flowers  ;  and  the  viscid  surface  presented  by  the  epidermis 
of  many  plants,  such  as  Lychnis  Viscaria,  some  Silenes,  &c,  is  attri- 
butable to  similar  causes. 

799.  The  so-called  milky  juices  (latex)  occurring  in  specially 
modified  intercellular  passages  (§  649)  are  of  complex  composition, 
containing  essential  oils,  resins,  gum-resins,  starch-grains,  extractive 
matters,  alkaloids,  proteinaceous  compounds,  &c.  suspended  in  water, 
forming  a  kind  of  emulsion.  They  are  not  opaque  and  milky  in  their 
natural  state,  but  become  so  when  exposed  to  air,  and  mostly  assume 
a  transparent  resinous  character  when  their  watery  constituents 
evaporate. 

Very  different  opinions  have  been  expressed  as  to  the  nature  of 
latex  and  the  vessels  containing  it  (§  649).  By  some  it  has  been 
considered  a  nutritive  fluid  analogous  to  arterial  blood,  by  others 
as  of  purely  excrementitious  nature.  A  third  notion  is  founded  on 
the  comparison  of  the  fluid  in  question  with  venous  blood.  Probably 
that  view  by  which  it  is  regarded  as  a  fluid  containing,  mixed  with 
matters  of  a  directly  nutritive  character,  others  which  are  excremen- 
titious in  their  nature  (Sachs,  Hanstein)  is  the  most  correct.  Trecul 
holds  that  the  laticiferous  vessels  are  the  analogues  of  the  veins,  and 
their  contents  equivalent  to  venous  blood.  He  traces  a  contact  and 
inosculation  of  the  laticiferous  vessels  with  the  pitted  ducts  and 
other  vessels.  Latex  from  this  point  of  view  would  be  the  residue  of 
the  sap  after  elaboration  by  the  cells — the  caput  mortuum  of  the  sap. 

These  juices  abound  especially  in  particular  Orders,  as  in  the  Papa- 
veracere,  Euphorbiacese,  roots  of  "Cichoracere,  Apocynacea?,TJrticaceaj,  &c. 
Amongst  the  most  important  substances  obtained  by  evaporating  them  to 
dryness  are : — opium  from  Papaver  somniferum,  and  caoutchouc  from  various 
Euphorbiacese,  Urticacete,  and  Apocynaceaj ;  gutta  percha  from  Isonandra 
gutta,  &c. 

800.  The  saline  and  purely  mineral  excretions  of  plants  have  been 
already  referred  to.  They  occur  as  incrustations  of  the  cell-mem- 
branes, as  silica  in  the  Grasses,  Equisetaceoe,  Stellatae,  &c,  or  car- 
bonate of  lime  in  Charce,  Oorallinece,  and  in  smaller  quantities  on  the 
leaves  of  various  Saxifrages.  Crystals  {raphides,  §  611),  either  of  in- 
organic salts,  or  compounds  of  organic  acids  with  lime  &c,  are  fre- 
quently met  with  in  the  cellular  tissues;  but  very  little  is  known  a1 
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present  of  the  nature  of  their  relations  to  the  chemical  processes  of 
vegetation. 

The  close  relation  of  the  vegetable  organic  acids,  oxalic,  malic,  citric, 
&c,  to  carbonic  acid,  water,  and  the  ternary  assimilated  substances  has 
already  been  alluded  to.  , 

Tannic  acid  or  tannin,  C-  H22  017,  is  a  very  frequent  constituent  ot  the 
woody  tissues  when  their  vital  activity  has  ceased,  and  is  perhaps  a  pro- 
duct of  decomposition.  Oak,  Sumach,  Rhus  Coriaria,  Acacia  Catechu,  &c. 
owe  then-  tanning-properties  to  this  substance,  which  occurs  more  or  less 
abimdantly  in  all  old  structures  of  ligneous  plants. 


CHAPTER  V. 
REPRODUCTION  OF  PLANTS. 
Sect.  1.  Vegetative  Multiplication. 

801.  It  is  a  remarkable  characteristic  of  the  Vegetable  Kingdom, 
shared,  in  deed,  by  some  of  the  lower  animals,  such  as  Sponges,  Polypes, 
&c,  that  their  organizing  forces  are  diffused  throughout  their  struc- 
ture, whence  results  not  only  great  repetition  of  similar  and,  to  a 
certain  extent,  independent  parts  in  the  same  plant,  but  a  capability 
in  those  parts  of  surviving  when  separated  from  the  parent  stock, 
and  becoming  the  foundations  of  new  plants.  Through  this  condition 
of  the  organization  arises  the  possibility  of  a  multiplication  of  indi- 
vidual plants  by  simple  subdivision  of  the  vegetative  structure  of 
a  single  specimen — a  process  which  is  not  only  universal  through- 
out the  Vegetable  Kingdom,  but  in  many  cases  is  so  frequently 
and  abundantly  manifested  as  to  throw  the  proper  reproduction  by 
seeds  or  spores  into  the  background. 

As  will  be  seen  hereafter,  the  spores  of  some  Families  are  really  formed 
hy  a  kind  of  vegetative  multiplication  intermediate  between  the  proper 
reproductive  process  and  the1  development  of  the  new  plants ;  but  it  will 
be  more  convenient  to  examine  those  cases  in  connexion  with  the  forma- 
tion of  spores  and  seeds  generally,  and  to  confine  our  attention  here  to 
what  are  distinctly  and  evidently  Dud-structures. 

802.  The  modes  of  vegetative  multiplication  of  plants  necessarily 
depend  essentially  on  the  organization  of  the  species  ;  accordingly  as 
the  vegetative  structures  present  more  or  less  complexity,  so  are  the 
"  buds  "  more  or  less  developed  at  the  period  when  they  are  detached 
from  the  parent. 

803.  In  the  Thallophyta,  where  the  entire  organization  is  cellular, 
and  no  leaf-structures  exist,  the  buds  or  c/emmce  are  cellular  struc- 
tures, more  or  less  complex,  according  to  the  condition  of  the  parent 
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'thallus.  We  have  examples  of  the  simplest  kind  of  multiplication  in 
the  lower  Algae,  such  as  Palmellece  (§§  544,  549),  Dcsmidiece  (§  550), 
&c,  where  the  plants  are  continually  undergoing  propagation  by  divi- 
sion of  the  constituent  cells.  In  these  cases  such  multiplication  ap- 
pears to  represent  the  vegetative  growth  of  higher  forms,  and  a  true 
reproduction,  with  formation  of  spores,  recurs  periodically  to  interrupt 
the  simple  cell-division,  in  a  manner  analogous  to  the  recurrence  of 
flowering,  after  a  certain  extent  of  vegetative  growth,  in  the  higher 
plants. 

In  the  Fungi  many  kinds  are  abundantly  propagated  by  conidia, 
or  simple  cells  detached  from  the  mycelium,  as  is  the  case  in  the 
growth  of  Yeast  (fig.  468),  in  the  propagation  of  the  Vine-fungus, 
&c.  ;  and  in  all  probability  the  Fungi  generally  may  be  increased 
by  artificial  division  of  the  thallus,  as  we  see  it  practised  in  pro- 
pagating the  Mushroom,  the  Vinegar-plant,  &c.  In  the  Lichens 
there  is  a  proper  structure  to  which  the  vegetative  multiplication  is 
confined,  viz.  the  gonidia,  the  green  cells  formed  in  the  medullary 
layer  of  the  thallus,  which  frequently  break  out  from  the  surface  and 
become  free,  especially  when  the  plants  are  exposed  to  excessive 
damp.  In  the  Algae  the  vegetative  multiplication  exhibits  very  varied 
characters.  In  the  Confervoids  (p.  436)  we  have  the  zoospores 
(fig.  465,  C,  cl,  and  fig.  535),  as  also  in  the  Phaeosporeas :  and  the 
tetraspores  of  the  Ehodospermeae  and  Dictyotaceae  probably  have  the 
same  import ;  but  in  addition  to  this,  the  thallus  is  commonly 
multiplied,  especially  in  the  larger  forms,  by  the  growth  of  a  number 
of  new  thalli  from  the  sides  or  the  base  of  an  old  plant,  and  their 
subsequent  separation  by  the  decay  of  the  parent  thallus. 

In  the  above  cases  we  see  the  double  representation  of  the  vegetative 
process  which  occurs  in  so  marked  a  manner  in  the  higher  plants.  We 
have  increase  by  simple  and  pure  subdivision  of  ordinary  vegetative 
structures,  and,  besides  this,  we  see  varied  modifications  of  the  vegetative 
cells  specially  organized  to  fit  them  for  being  thrown  off  spontaneously 
{gonidia  &c). 

804.  In  the  Hepaticae  and  Mosses  the  propagative  structures  do 
not  arrive  at  the  condition  of  buds,  although  the  parent  plants 
have  leafy  stems.  The  gemmce  of  these  Classes  are  merely  cellular 
nodules,  more  or  less  developed  in  different  cases,  and  only  acquire 
leaves  after  they  have  become  independent.  In  the  Jungerman- 
niaceae  they  are  developed  on  the  leaves,  or  in  place  of  fruits.  In 
Marchantiaceae  they  are  found  in  cup-like  receptacles,  bong-  espe- 
cially frequent  when  the  plants  grow  in  damp,  shaded  localities,  a 
number  of  them  (springing  originally  from  a  single  cell)  lymg  m 
the  cup  like  eggs  in  a  nest. 

The  Mosses  produce  r/emmee  from  all  parts  of  their  structures— 
from  their  leaves,  stems,  metamorphosed  fruit-organs,  and,  above 
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all,  from  thread-like  runners  which  shoot  out  from  the  base  of  their 
stems.  When  their  spores  germinate,  they  also  form  first  a  mesh 
of  confervoid  filaments,  each  joint  of  which  often  gives  birth  to  a 
leaf-bud  (fig.  544). 

805.  The  Perns  and  allied  Classes  agree  more  closely  with  the 
Flowering  plants  in  their  vegetative  propagation,  forming  leaf-buds 
in  cases  where  they  increase  in  this  way ;  but  there  is  a  connexion 
with  the  Mosses  &c.  in  the  circumstance  that  their  gemma  appear 
more  frequently  on  the  leaves  than  is  the  case  normally  in  the 
Phanerogamia — as,  for  example,  in  Asplenium  rhizophyllum,  where 
the  leaves  root  and  form  buds  at  their  tips,  Cystopteris  bulbifera,  in 
which  bulbils  appear  on  the  petiole,  &c. 

806.  In  the  Phanerogamia  the  rule  is,  that  every  leaf-bud  may  be 
separated  from  the  parent  stock,  and,  if  properly  treated,  reared  into 
a  new  plant ;  moreover,  in  a  vast  number  of  cases,  the  leaf-buds  are 
naturally  modified  in  certain  details  of  their  structure,  so  as  to  pro- 
tect them  from  external  injury,  and  then  thrown  off  spontaneously 
by  the  parents  to  multiply  the  kind.  Many  of  the  cases  of  this 
phenomenon  have  been  described  in  the  first  part  of  this  work  under 
the  head  of  Morphology  of  Stems  (§  46  et  seq.)  and  Buds  (§  106  et 
seq.).  We  have  there  spoken  also  of  the  formation  of  adventitious 
buds  (§  109),  and  cited  numerous  examples,  strongly  indicating  that 
relative  independence  of  the  parts  of  the  organization  of  plants 
referred  to  above. 

807.  Adventitious  buds  are  formed  mostly  when  a  plant  or  part 
of  a  plant  loaded  with  assimilated  nourishment  is  deprived  of  its 
natural  developing-points.  Thus  we  see  abundant  formation  of  adven- 
titious buds  on  healthy  trunks  of  trees  which  have  been  pollarded, 
i.  e.  have  had  their  heads  cut  down  so  as  to  remove  almost  all  their 
natural  buds.  The  abundant  supply  of  food  existing  in  the  trunk 
stimulates  the  cells  of  the  cambium-region  (§  666)  into  extraordinary 
development,  and  true  leaf-buds  are  produced,  which  form  vents  for 
the  vital  energy  of  the  plant.  This  power  exists  even  in  the  roots 
of  many  trees,  as  in  Madura  aurantiaca,  Pyrus  japonica,  &c,  frag- 
ments of  which  in  a  healthy  condition  may  be  made  to  produce  new 
plants. 

Mention  has  been  made  of  the  formation  of  adventitions  buds  on 
leaves  (§  109),  which  has  been  observed  frequently  in  wild  plants, 
and  is  artificially  induced  in  many  cases  as  a  means  of  propaga- 
tion. As  a  rule,  leaves  are  less  prone  to  produce  buds  than  stems 
or  even  roots,  as  might  be  expected  from  the  more  actively  changing 
state  of  the  contents  of  their  tissues,  and  the  usual  absence  of  any 
great  accumulation  of  assimilated  substance,  such  as  is  regularly  met 
with  at  certain  periods  in  the  stem  and  root. 

That  striking  characteristic  of  vegetables  which  displays  itself  in 
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the  physiological  independence  of  the  leaf-buds,  renders  the  vege- 
tative propagation  of  plants  a  most  important  feature  in  their  history, 
both  in  a  natural  and,  in  a  still  higher  degree,  in  a  cultivated  con- 
dition. 

A  brief  notice_  of  some  striking  phenomena  illustrative  of  the  spon- 
taneous propagation  of  the  higher  plants  may  be  given  here. 

Various  herbaceous  plants  are  multiplied  by  spontaneously  detached 
axillary  leaf-buds ;  of  this  we  have  familiar  examples  in  IMumbrdbiferum, 
Dentaria  buMfera,  and  the  cultivated  species  of  Achimenes.  Similar  pro- 
pagative  buds  are  often  produced  instead  of  flowers  in  the  inflorescence 
of  the  species  of  Allium  (Garlic  &c),  both  in  a  wild  and  cultivated  con- 
dition ;  and  the  same  is  the  case  with  some  other  plants,  such  as  Polygo- 
num viviparum  &c. 

The  multiplication  of  bulbs  by  "  cloves,"  or  axillary  bidbs  produced  in 
the  axils  of  the  scales  of  the  parent  bulbs,  has  been  described  in  a  former 
chapter  (§  47)  ;  and  there  also  have  been  mentioned  the  structures  called 
tubers,  formed  of  modified  stems,  which  are  important  agents  in  propaga- 
ting the  plants  in  which  they  occur.  The  Potato,  for  instance,  forms 
tubers  from  its  branches,  the  "  eyes  "  or  buds  of  which  may  be  separated 
and  made  to  produce  each  a  new  plant ;  and  the  Jerusalem  Artichoke, 
Dahlia,  &c.  are  similar  in  this  respect.  The  terrestrial  Orchids,  such  as 
Orchis  Morio  (fig.  20)  &c.,  are  not  multiplied  by  their  tubers,  but  only 
continued  from  year  to  year,  since  only  one  new  "  eye"  is  formed  annually. 

Still  more  frequent,  perhaps,  than  the  formation  of  bulbils,  bulbs,  or 
tubers,  is  the  development  of  leafy  shoots  peculiarly  organized  for  the 
purpose  of  propagating  the  plant  which  bears  them,  commonly  compre- 
hended under  the  names  of  offsets,  stolons,  runners,  &c.  Almost  every 
gradation  of  condition  occurs  here,  between  the  divisible  rhizomes  of 
such  plants  as  the  Daisy,  Primrose,  &c,  the  "  runners  "  of  the  Strawberry, 
Vallisneria,  Hydrocharis,  Sec,  the  offsets  of  House-leeks,  Stratiotes,  and 
the  rosette-like  stolons  of  Epilobia,  &c,  which  approach  to  the  axillary 
bulbils  of  Achimenes,  and  connect  all  these  forms  with  the  subterraneous 
bulbs,  corms,  and  tubers. 

808.  The  artificial  propagation  of  plants  by  division  is  effected  by 
a  variety  of  processes  founded  on  the  same  physiological  laws  as 
the  natural  multiplication  by  detached  buds  &c. ;  it  also  includes  a 
peculiar  class  of  operations,  in  which  the  new  plants  are  not  con- 
verted into  absolutely  independent  stocks,  but  are  made  to  assume  a 
pseudo-parasitical  habit  upon  other  plants,  whose  roots  furnish  them 
with  that  portion  of  their  nourishment  which  is  derived  from  the  soil. 

In  the  simple  propagation,  advantage  is  taken  of  the  vital  activity 
of  the  cambium-region  to  stimulate  it  to  the  production  of  roots,  in 
the  gardening  processes  of  propagation  by  slips  or  cuttings,  layi  rs,  &c. 
In  the  production  of  pseudo-parasites,  as  in  budding  and  grafting, 
the  woody  structures  of  two  distinct  plants  are  made  to  become  in- 
timately blended  by  bringing  into  immediate  contact  the  cambium- 
structures  of  both,  at  points  where  the  cellular  tissue  is  in  an  active 
state  of  development. 
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809.  Cuttings  or  slips  are  ordinarily  fragments  of  stems  consisting 
of  young  wood,  bearing  one  or  more  buds.  These  are  planted  in 
earth,  and  in  some  cases  require  no  especial  care  to  make  them  pro- 
duce 'adventitious  roots  from  the  cambium-region,  as  in  slips  of 
Willows,  and  many  common  soft-wooded  plants.  Mostly,  however, 
it  is  necessary  to  stimulate  the  vegetative  action  by  a  slight  degree 
of  artificial  heat, — in  all  cases,  however,  guarding  against  drought; 
so  that,  as  a  general  rule,  cuttings  are  made  to  "  strike  "  root  best  in 
an  atmosphere  where  the  watery  vapour  is  confined  by  a  glass  cover- 
ing. It  is  a  matter  of  indifference  whether  a  cutting  having  a 
number  of  "  eyes  "  or  buds  is  planted  with  the  head  upward  or  with 
the  summit  buried  in  the  soil,  and  the  lower  part  left  free.  In  the 
latter  case,  the  ordinary  direction  of  growth  of  all  the  new  shoots 
becomes  reversed. 

It  has  been  stated  above,  that  by  careful  management  plants  may  be 
raised  from  cuttings  of  roots,  and  even  from  leaves  ('§§  1097  807)  made 
to  produce  adventitious  buds  by  artificial  stimulus. 

810.  Layers  only  differ  from  cuttings  in  the  circumstance  that 
the  fragments  to  be  detached  are  m  ade  to  strike  root  before  they  are 
separated  from  the  parent  stock, — usually  by  bending  down  the 
branches  and  burying  them  in  a  portion  of  their  course  in  the  soil ; 
an  incision  is  usually  made  into  the  wood  in  the  buried  portion, 
which  causes  the  more  ready  production  of  adventitious  roots.  An 
analogous  operation  is  sometimes  practised,  in  which  a  shoot  is  caused 
to  root  high  above  ground,  by  surrounding  one  or  more  of  its  nodes 
with  a  mass  of  earth  kept  moist  by  wet  bandages  or  other  means. 

The  artificial  process  of  laying,  practised  commonly  with  Pinks,  Ver- 
benas, Aucuba,  &c,  is  analogous  to  the  natural  propagation  of  the  Straw- 
berry by  runners. 

811.  In  all  the  cases  comprehended  in  the  above  remarks,  the 
adventitious  roots  are  formed  most  readily  in  the  vicinity  of  buds, 
at  the  nodes,  just  as  we  see  them  naturally  occurring  chiefly  in  those 
situations  in  creeping  plants,  such  as  the  Sand-Sedge  (fig.  24),  Mint, 
many  Grasses,  &c,  which  root  at  every  joint  that  comes  into  contact 
with  moist  soil,  or  in  the  climbing  Ivy,  in  which  the  adventitious 
roots  forming  its  organs  of  attachment  to  foreign  bodies  are  produced 
in  tufts  a  little  below  the  leaves. 

812.  In  the  operations  of  budding  and  grafting,  the  parts  of  the 
parent  plant  are  not  made  to  form  roots  for  themselves,  so  as  to  be- 
come altogether  independent  plants,  but  are  caused  to  assume  a  kind 
of  parasitical  condition,  in  which  they  stand  in  the  same  relation  to 
a  strange  "  stock  "  as  they  would  have  held  to  their  parent  if  left  in 
their  natural  condition.  The  detached  bud  or  shoot  is  made  to  con- 
tract an  organic  union  with  the  cambium-region  of  a  foreign  stem,  of 
which  it  becomes,  as  it  were,  a  branch,  deriving  its  supplies  of  root- 
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nourishment  from  it,  and  subsequently  sending  down  in  return  elabo- 
rated juices  to  contribute  to  tbe  sustenance  of  its  foster-parent. 

It  is  important  to  note,  however,  that  in  the  case  of  distinct  plants 
thus  combined,  they  usually  exercise  no  appreciable  influence  over 
each  other  in  regard  to  modifying  fhamorpJiological  characters  of  each ; 
the  connexion  merely  affects  the  scion  and  stock  in  the  degree  of 
activity  of  the  general  physiological  processes  of  nutrition  &c.  Scions 
grafted  on  stocks  of  more  enduring  character  acquire  greater  vigour 
and  fecundity ;  but  the  products  of  the  buds  of  the  scion  in  the  great 
majority  of  cases  resemble  in  kind  those  of  their  parent,  while  the 
stock  continues  to  grow  in  its  own  way. 

The  influence  of  the  scion  on  the  stock,  whatever  it  may  he,  is  rendered 
less  noticeable  in  practice  from  the  fact  that  its  buds  or  branches  are  always 
removed  after  the  scion  has  "  taken,"  in  order  to  concentrate  the  sap  in  the 
latter ;  if  allowed  to  develope,  the  branches  of  the  stock  formed  below 
the  scion  mostly  remain  unaffected  by  the  stranger  which  has  settled 
above  them. 

813.  A  certain  amount  of  physiological  influence  of  the  stock 
over  the  scion  is  shown  to  exist  by  such  facts  of  horticultural  ex- 
perience as  that  the  fruit  of  the  Pear  is  smaller  and  more  highly 
coloured  when  "worked  on"  the  Quince  or  Medlar  than  when 
grafted  on  Pear-stocks,  and  is  earlier  when  worked  on  the  Moun- 
tain Ash.   It  is  not  clear  here  whether  the  alteration  is  attributable 
to  greater  or  less  vigour  of  the  stocks,  or  to  an  influence  obstructing 
the  return  of  elaborated  sap  towards  the  roots,  arising  out  of  differ- 
ence of  texture  of  the  wood.    On  the  other  hand,  the  scion  has 
been  in  a  few  cases  observed  to  affect  the  stock.    It  is  well  known 
that  the  variety  of  the  Yellow  Jasmine  with  variegated  leaves,  budded 
on  a  plant  with  healthy  green  leaves,  causes  the  gradual  appearance 
of  variegation  throughout  the  whole  of  the  foliage  of  the  plant.  The 
same  phenomenon  has  been  witnessed  repeatedly  in  the  case  of  varie- 
gated kinds  of  Abutilon.    If  a  variegated  scion  of  A.  Thomsoni  be 
placed  on  a  green-leaved  stock,  the  new  leaves  pushed  out  from  the 
latter  become  also  variegated.    If  a  green  scion  be  placed  on  a  stock 
of  the  variegated  Abutilon,  the  new  leaves  of  the  scion  become  varie- 
gated.   Further,  if  the  variegated  scion  be  removed  from  the  green- 
leaved  stock,  the  latter  no  longer  produces  variegated,  but  only  green 
leaves.    A  still  more  striking  phenomenon  is  the  production  of  a 
hybrid  Laburnum,  by  grafting  Cytisus purpureas  upon  the  common 
Laburnum.    The  cases  seem  well  authenticated,  and  will  be  referred 
to  under  the  head  of  Hybridation. 

814.  Budding  consists  in  attaching  the  bud  of  one  tree  upon  the 
developing  wood  of  another.  For  this  purpose  the  bud  is  removed 
from  its  parent  with  a  slip  of  bark  surrounding  it,  bearing  on  its 
inside  a  portion  of  the  cambium-tissue  existing  at  the  line  ot 
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junction  of  the  innermost  region  of  tbe  bark  with  the  youngest  wood 
(§  6G6) ;  this  is  applied  upon  the  surface  of  a  portion  of  the  cambium- 
layer  of  the  stock,  exposed  by  slitting  its  bark  and  turning  it  back 
so  as  to  form  a  kind  of  pocket.  The  slip  of  bark  is  inserted  into 
this,  so  as  to  bring  the  cambium  of  bud  and  stock  into  complete  con- 
tact', and  the  bark  of  the  stock  is  then  carefully  bound  down  over 
the  wound  with  bandages  of  bast,  tape,  &c.  The  organizing  force 
resident  in  the  cells  of  the  cambium  of  the  two  portions  causes  them 
to  grow  firmly  together. 

815.  In  Grafting,  a  shoot  instead  of  a  bud  is  attached  to  the 
stock ;  and  this  is  commonly  effected  by  cutting  off  the  head  of  the 
stock  (or  a  branch  of  sufficient  growth)  with  an  oblique  surface,  or 
with  a  deep  notch  offering  more  than  one  oblique  surface  ;  the 
bottom  of  the  shoot  or  graft  is  pared  so  as  to  fit  accurately  on  the 
oblique  surfaces,  and  in  this  way  considerable  tracts  of  the  cambium- 
tissue  and  young  wood  are  brought  into  contact — their  cells,  how- 
ever, being  partly  end  to  end  here,  instead  of  side  by  side  as  in 
budding.  Union  of  tbe  growing  region  takes  place  exactly  as  in  the 
former  case. 

Grafting  is  usually  practised  with  young  woody  structures ;  but 
it  is  also  successfully  applied  to  herbaceous  plants  with  careful  ma- 
nagement ;  and  some  Grasses  even  admit  of  being  grafted  on  each 
other,  although  the  operation  is  generally  confined  to  Dicotyledonous 
plants. 

What  is  termed  Inarching,  or  "  grafting  by  approach,"  may  be  compared 
to  laying  (§  810) :  in  this  modification  of  the  process,  the  scion  is 
brought  into  union  with  the  stock  hy  bending  over  or  otherwise,  without 
being  detached  from  its  own  stem,  and  the  separation  is  not  made  until 
the  scion  has  "taken  "  on  its  foster-parent  &c. 

816.  It  was  at  one  time  imagined  that  the  annual  layers  of  wood 
of  Dicotyledonous  stems  grew  down  absolutely  and  mechanically  from 
the  buds,  of  which  they  were  said  to  represent  the  roots.  It  was 
thought,  also,  that  in  the  cases  of  grafts,  the  scions  sent  down  woody 
structure  over  the  old  wood  of  the  stock,  so  as  at  length  to  enclose 
it.  From  the  description  given  above  of  the  horizontal  development 
of  the  cambium- layer  of  Dicotyledons,  it  will  be  seen  that  such 
notions  are  devoid  of  all  ground.  Merely  fluid  matters  pass  up  and 
down  in  the  cambium  and  bark,  and  the  only  reciprocal  influence 
of  stock  and  scion  depends  on  the  respective  activities  of  roots  and 
foliage. 

817.  The  success  of  grafting  depending  on  the  contraction  of  inti- 
mate union  between  the  cellular  structure  of  the  two  plants,  it  cannot 
be  found  surprising  that,  as  a  rule,  it  is  only  between  nearly  related 
plants  that  such  union  is  possible.  If  the  size  of  the  elementary 
organs,  the  rapidity  or  the  extent  of  their  periodical  multiplication 
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and  expansion,  &c.  are  unequal,  it  is  evident  that  no  permanent 
coherence  can  exist :  a  tissue  growing  more  rapidly  would  tear  itself 
away  from  one  less  active.  As  a  general  rule,  the  elementary  tissues 
agree  closely  in  allied  species,  less  closely  in  genera  of  the  same 
Order,  and  are  very  diverse  in  different  Orders  ;  so  we  find  that  grafts 
take  readily  on  stocks  of  their  own  species,  to  a  considerable  extent 
on  stocks  of  allied  species,  and  to  some  extent  on  stocks  of  genera 
belonging  to  the  same  Order.  It  does  not  appear  that  genera  of 
distinct  Orders  have  ever  been  grafted  with  success.  The  parasitic 
Mistletoe,  however,  attaches  itself  by  a  natural  graft  to  Oaks,  Apples, 
&c,  and  even  to  Coniferse. 

Some  as  yet  unexplained  exceptions  exist  to  the  inclination  to 
union  between  allied  genera.  In  some  cases,  also,  a  temporary 
union  is  effected,  subsequently  destroyed  by  unequal  growth . 

Among  the  Rosacea?  we  see  Pears  grafted  readily  on  Quinces,  with  more 
difficulty  on  Apples,  and  not  at  all  on  Plums  or  Cherries.  Cherries  and 
the  Cherry-laurel  readily  unite.  In  the  Oleacea?  we  have  the  Lilac  uniting 
with  the  Ash,  the  Olive  with  Phillyrea.  It  is  extensively  practised  also 
with  diverse  species  as  well  as  varieties  of  Rhododendron.  The  Pear  may 
be  grafted  on  the  Hawthorn ;  .hut  the  former  grows  so  much  faster  than 
the  latter  that  the  communication  between  the  two  becomes  interrupted 
in  a  few  years  at  the  point  of  junction. 

818.  The  practices  of  grafting  and  budding  are  principally  carried 
on,  like  propagation  by  slips  &c,  for  the  multiplication  of  varieties, 
which  are,  for  the  most  part,  grafted  on  other  varieties,  or  normal 
specimens  of  their  own  species,  these  being  far  more  healthy  and 
permanent  than  those  grafted  on  allied  species.  The  multiplication 
of  esteemed  varieties  of  Roses,  fruit-trees,  &c.  is  chiefly  effected  by 
this  means,  the  object  being  to  produce  specimens  promising  in- 
creased hardiness  &c,  or  to  obtain  size  and  fertility  earlier  than 
could  occur  in  a  plant  raised  from  a  small  cutting. 

The  Peach  is  worked  on  the  Plum  in  Britain,  because  the  latter  is  a 
native  of  this  climate  and  is  stimulated  to  growth  in  spring  by  a  lower 
temperature  than  the  Peach  (from  Persia)  ;  it  does  not  succeed  well  here 
on  Almond-stocks.  The  Pear  seems  to  succeed  better  on  Quince  than  on 
Pear-stocks  in  loamy  soils;  and  other  instances  are  well  known  to 
gardeners. 

In  addition  to  these  circumstances,  Pears,  Apples,  and  other  plants 
which  may  be  easily  grafted  do  not  readily  root  from  cuttings ;  more- 
over esteemed  varieties  of  Rose  &c.  are  quickly  multiplied  as  "standards 
&c.  by  budding  them  on  briar-stocks  already  of  several  years'  growth ; 
and,  in  the  case  of  new  seedlings  of  fruit-trees,  buds  inserted  on  full- 
oTown  stocks  are  brought  to  flower  and  fruit  in  a  few  years,  while,  if  left 
to  grow  up  into  trees  alone,  twenty  years  or  more  might  elapse  before 
they  bore  a  crop. 

Certain  phenomena  of  grafting  which  ore  observed  m  practice  ennnot 
be  fully  explained  by  our  present  knowledge,  but  doubtless  depend  on 
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causes  similar  to  those  just  adverted  to;  among  these  are  the  facts  that  the 
Orano-e  succeeds  better  on  a  Lemon  stock  than  on  one  of  its  own  species, 
while  the  Apricot  does  hetter  on  its  own  species  than  on  the  Plum,  &c. 

The  influence  of  the  physiological  conditions  of  the  stock  upon  the 
scion  is  turned  to  account  by  gardeners  in  producing  a  dwarfer  " habit" 
and  an  earlier  and  more  profuse  production  of  fruit.  Thus  Apples  grafted 
on  the  low-orowino-  "  Paradise  stock  "  assume  the  dwarf  habit  of  the  stock 
and  become" more  "prolific.  So  Pears  on  the  Quince-stock  not  only  are 
dwarfed  in  size  but  produce  fruit  much  more  abundantly  than  when 
Town  on  their  own  roots  or  grafted  on  another  kind  of  Pear.  Gardeners 
often  practise  "ennobling"  fruit-trees,  where  buds  and  grafts  are  attached 
upon  stocks  of  good  varieties  of  the  plant  in  preference  to  wild  stocks. 
Thus  Apples  are  said  to  be  much  superior  when  grafted  on  stocks  of  good 
varieties  instead  of  on  Crabs  &c, ;  and  a  land  of  "  crossing  "  of  the  qualities 
of  varieties  has  been  attempted  on  this  principle,  grafting  kinds  which 
bear  sickly-flavoured  Apples  upon  stocks  of  rougher  varieties,  JargoneUe 
and  "  mellow"  Pears  upon  later,  gritty  varieties,  &c.  "  Double  grafting" 
is  done  when  it  is  desired  to  secure  a  particular  kind  of  fruit  which  will 
not  unite  or  graft  with  the  ordinary  stock ;  thus  a  Pear  may  be  grafted 
on  a  Quince-stock,  and  on  the  scion  may  be  grafted  another  Pear,  which 
will  not  unite  directly  with  the  Quince.  Further  details  on  the  subject 
of  grafting,  a  most  important  and  interesting  one,  must  be  sought  in  hor- 
ticultural works. 

Sect.  2.  Sexual  Repeodt/ction. 
Preliminary  Observations. 

819.  In  almost  all  plants  the  greater  part  of  the  active  existence 
is  passed  in  the  development  of  vegetative  organs,  increasing  the 
bulk  of  the  individual,  or  occasionally  also  accompanied  by  multipli- 
cation of  the  plant  by  mere  subdivision  into  parts.  But  at  certain 
epochs  another  tendency  manifests  itself :  the  energies  of  the  plant 
become  concentrated  in  the  formation  of  what  are  called  reproductive 
organs,  for  the  purpose  of  producing  and  maturing  those  independent 
germs  of  new  individuals  of  the  species,  called  spores  and  seeds. 

The  formation  of  reproductive  structures  bears  a  very  interesting  rela- 
tion to  the  vegetative  development.  Generally  speaking,  the  repro- 
ductive organs  are  only  formed  when  the  vegetative  structures  have 
become  healthily  developed  so  as  to  accumulate  a  certain  amount  of  assi- 
milated matter  in  the  substance  of  the  plant ;  we  observe  that  many 
garden  plants  grown  in  unfavourable  soil  in  shady  localities  &c.  will  not 
flower ;  and  the  number  of  years  that  elapse  before  the  flowering  of  such 
plants  as  the  Agave,  Taliput  Palm,  &c.  varies  with  the  more  or  less 
favourable  climate  and  soil ;  moreover  in  ordinary  cases  the  flowering- 
takes  place  at  the  close  of  the  season  of  growth  (except  where  the  flowers 
emerge  from  buds  provided  for  by  the  previous  year's  vegetation,  as  in 
Apples  &c,  in  biennial  and  many  perennial  herbs).  This  indicates  that 
vigour  of  the  vegetative  organs  is  a  necessary  condition  of  reproduction. 

Further,  reproduction  is  an  exhausting  process :  it  kills  annuals :  and 
excessive  fruiting  exhausts  perennial  plants. 
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At  the  same  time  the  reproductive  tendency  and  the  vegetative  ten- 
dency appear  contrasted  and  opposed  to  each  other ;  for  reproduction  is 
often  retarded  and  replaced  by  rapid  development  of  vegetative  struc- 
tures when  plants  are  placed  in  too  favourable  a  soil,  especially  when  too 
freely  supplied  with  water;  and  rankly  growing  plants  are  frequently 
made  to  flower  by  gardeners  by  cutting  the  roots,  confining  them  in 
small  pots,  or  limiting  the  supply  of  water. 

820.  The  reproductive  bodies  produced  by  plants  are  either  de- 
veloped at  certain  epochs  from  structures  originally  belonging  to  the 
vegetative  system,  or  they  are  formed  in  special  organs.  In  the 
lower  Algae  we  find  the  cells,  as  those  of  the  filaments  of  (Edogonium 
(fig.  535),  or  Spirogyra  (fig.  465,  a),  originally  true  vegetative  cells, 
and  at  a  certain  stage  of  growth  resolved  into  reproductive  cells  and 
producing  spores  from  their  green  contents.  As  we  rise  in  the  scale, 
among  the  Thallophytes,  we  soon  fiud  special  cells  (Penicillium  &c, 
fig.  468),  or  groups  of  cells,  exclusively  vegetative  or  exclusively 
reproductive.  In  the  higher  Cryptogamia,  assemblages  of  organs 
of  various  kinds  are  formed  upon  the  stems,  in  which  are  ultimately 
ripened  the  spores  of  this  group  ;  while  in  the  highest  Class,  the 
Phanerogamia,  we  meet  with  flowers  containing  stamens  and  pistils, 
ultimately  producing  true  seeds  in  fruits  which  are  totally  separated 
in  almost  every  case  from  the  vegetative  structures. 

The  spores  of  the  higher  Cryptogamia  (Ferns,  Mosses,  &c.)  cannot  be 
properly  compared  to  the  seeds  of  the  Flowering  plants  (that  is,  mor- 
phologically), since  they  result  from  a  series  of  physiological  processes 
different  in  many  respects,  as  will  presently  be  shown.  With  regard  to 
the  spores  of  the  Thallophytes,  our  knowledge  is  too  imperfect  at  present 
to  enable  us  to  decide  upon  all  the  homologies  ;  the  probable  relations  of 
the  different  kinds  of  structure  will  be  incidentally  spoken  of  in  the  next 
Section. 

821.  It  is  probable  that  representatives  of  two  sexes,  male  and 
female,  exist  in  all  plants,  and  that  these  conjoin  to  form  the  rudi- 
ments of  the  new  individuals  of  all  Cryptogamia,  as  they  do  in  the 
formation  of  the  embryo  in  the  seed  of  Flowering  plants.  But  in  the 
Thallophytes  the  male  and  female  organs  are  often  reduced  to  simple 
cells,  "sperm-cell"  and  "germ-cell;"  these  being  associated,  often 
in  the  same  plants,  with  "gonidial"  cells  (Algoe,  Fungi)  for  vege- 
tative propagation,  the  exact  particulars  and  homologies  are  still 
obscure  in  many  families. 

The  history  of  reproduction  of  plants  has  been  greatly  studied  and 
much  enlarged  in  late  vears  ;  manv  important  discoveries  have  been  niade 
in  all  Classes ;  and  the  course  of  the  processes  in  Phanerogamia  and  the 


spermatic  corpuscles  have  been  observed  more  clearly  and  decisively  thai 
in  any  other  plants. 
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Sect.  3.  Reproduction  of  TflALL0PHTT^^4<rjt_etf.,t.-, 
Fungi  and  Lichens.  " 

822.  The  various  forms  of  reproductive  organs  met  with  in  Fungi 
have  already  been  described  at  p.  445.  Most  of  them  seem  to  be  of 
the  nature  of  buds  ;  or  if  truly  sexual,  their  operation  has  not  yet  been 
ascertained.  The  so-called  antheridia  and  the  spermatid  have  not 
been  proved  to  be  sexual  organs.  The  phenomenon  of  conjugation 
in  Sizygites  and  the  process  of  fertilization  in  Saprolegnieae,  where  a 
genuine  process  of  impregnation  takes  place,  have  been  described  at 
p.  446.  Similar  phenomena  have  been  described  in  Peronospord 
and  Oystopus.  In  these  plants  there  are  female  branches  dilated  at 
the  end  into  a  large  globule  or  oogone,  and  male  branches  terminated 
by  an  ovoid  extremity,  flattened  at  one  side  and  applied  to  the  oogone. 
This  antheridium  emits  a  slender  tube  which  pierces  the  walls  of  the 
oogone  and  reaches  the  central  mass  of  protoplasm  in  the  interior : 
ana  the  latter,  as  a  result  of  the  contact,  becomes  invested  with  a 
cell-wall  and  forms  a  spore  called  an  oospore. 

The  little  that  is  known  of  the  reproductive  process  in  Lichens  is 
alluded  to  at  p.  442. 

Algai. 

823.  This  group  takes  a  far  more  prominent  place  in  the  present 
Section,  from  the  fact  that  organs  to  which  a  sexual  function  may  be 
attributed  have  not  only  been  observed  in  almost  all  its  members, 
but  the  process  of  fertilization  of  the  germ,  the  impregnation  of  the 
corpuscle  produced  by  the  female,  has  been  directly  observed  in 
several  of  the  Orders,  namely  Rhodospermeas,  Fucaceaa  ConfervoideaB, 
Diatomaceae  and  Volvocineas. 

824.  The  OsciUatoriacere  (p.  439)  are  at  present  only  known  to 
increase  by  division — that  is,  vegetatively  ;  the  Phseosporea3  (§  548), 
again,  are  only  known  to  propagate  by  liberation  of  zoospores 
from  special  cells  of  the  thafius.  The  Dictyotacese  and  the  Rhodo- 
spermese  produce  a  peculiar  kind  of  vegetative  offset  called  a  tetra- 
spore  (§  546),  a  body  formed  mostly  in  special  localities  or  in  groups, 
and  consisting  of  a  parent  cell  divided  into  four  chambers,  the  con- 
tents of  which,  when  set  free  from  the  parent  plant,  grow  up  at  once 
into  a  new  thallus.  Besides  the  tetraspores,  they  have  spores  and 
antheridia.  The  antheridia  produce  minute,  ultimately  free  vesicles, 
spermatozoids  or  anther ozoids,  according  to  Thuret  devoid  of  cilia 
and  motionless ;  Dcrbes,  however,  asserts  that  he  has  observed  them 
moving  like  undoubted  spermatozoids.  The  antheridia  are  generally 
found  in  distinct  plants  from  the  spores,  and  the  tetmspores  in  a  third 
series  of  forms  of  the  same  species. 
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825.  Where  the  sexuality  of  the  Algae  has  been  ascertained,  we 
meet  with  the  process  of  fecundation  under  three  different  forms,  and 
these  forms  in  subordinate  modifications.  The  three  forms  of  the 
process  arc : — Conjugation,  or  complete  union  of  a  sperm-cell  and  a 
germ-cell,  originally  undistinguishable  from  each  other  by  visible 
structure,  occurring  in  Diatomacca3  and  some  Confervoideee ;  Fecun- 
dation of  naked  germ-corpuscles  by  ciliated  spermalozoids,  which  in 
the  Confervoidea;  occurs  within  the  parent  cell  of  the  spore,  and  in 
Pucaceaa  after  both  the  germ-corpuscle  and  the  spermatozoids  have 
been  cast  off  by  the  parent ;  and  Fecundation  of  naked  germ-cells  by 
motionless  ovoid  or  globular  spermatozoids  through  the  medium  of  a  spe- 
cial tube  or  trichogyne,  as  in  Khodospermea).  The  importance  of  these 
phenomena  to  the  whole  theory  of  reproduction  in  plants  renders  it 
necessary  to  give  a  particular  account  of  the  processes  as  occurring 
in  certain  well- ascertained  cases. 

826.  In  Diatomaceae  (including  the  Diatomece  and  Desmidieoz).  the 
ordinarymode  of  multiplication  of  the  plants  isvegetative  propagation, 
by  division,  resulting  either  in  the  formation  of  connected  "  families  " 
of  cells  (fig.  462,  c)  or  of  an  increased  number  of  separate  cells, 
or  by  the  extrusion  of  zoospores,  which  are  developed  into  new  cells 
or  cell-families  (fig.  462,  b,  a).  This  kind  of  propagation  goes  on 
actively  for  a  time  under  favourable  circumstances ;  and  the  mere 
"  division,"  at  least,  may  be  compared  to  the  vegetative  development 
of  more  complex  plants. 

But  at  certain  epochs  this  mode  of  increase  is  exchanged  for  another 
kind,  in  which  we  have  cooperation  of  two  originally  distinct  cells  to 
produce  the  new  one,  indicating  that  it  is  a  phenomenon  of  sexual 
reproduction,  while  at  the  same  time  there  is  no  external  evidence  of 
difference  in  the  concurrent  cells.    The  genus  Closterium  (fig.  462, 
is,  c)  is  multiplied  vegetatively  by  division,  or  jissijjarous  propagation  ; 
at  certain  stages  of  existence,  however,  the  cells  which  appear  as  if 
about  to  divide  approach  in  pairs,  and,  a  fracture  of  the  external 
cell-membrane  having  taken  place  at  the  usual  line  of  division,  the 
contents  of  each  cell,  bounded  by  a  primordial  utricle,  escape,  come 
into  contact  with  each  other,  and  become  confluent  into  a  mass  which 
assumes  a  rounded  form  (fig.  462,  13,  d).    This  round  body  becomes 
coated  by  a  cellulose  coat,  and  ultimately  by  a  second,  more  internal. 
Its  contents  change  from  a  green  to  a  brown  or  yellowish  colour ; 
and  the  globular  cell  remains  after  the  two  empty  parent  cells  have 
decaved.    This  globular  body,  which  passes  through  a  stage  of  rest 
before  germinating,  is  sometimes  called  a  sporange,  not  a  simple 
spore,  since  its  contents  appear  to  become  segmented  and  divide  into 
a  number  of  independent  germs  when  the  structure  recommences 
active  development. 

An  analogous  conjugation  of  two  cells  takes  place  throughout  the 
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Desmidiece,  and  it  has  also  been  observed  in  many  Diatomece  ;  in  all 
eases  the  product  is  a  resting  sporangial  cell  or  frustule,  i.  e.  a  cell 
possessing  more  than  one  firm  coat,  which  produces  two  or  more 
germs  when  about  to  throw  off  these  coats  to  develope  into  a  new  plant 
of  the  form  of  the  parent. 

Conjugation  exhibits  many  minor  variations  in  the  groups  of  Desmidiece 
and  Diatomea ;  but  it  is  necessary  to  restrict  ourselves  here  to  a  general 
account  of  the  process. 

827.  In  Spiroqyra  (fig.  465,  a,  a),  Zygnema,  and  one  or  two  other 
genera  of  filamentous  Confervoids  ordinary  growth  by  cell-division 
is  exchanged  for  a  process  of  conjugation  at  certain  epochs.  Two 
filaments,  lying  side  by  side  (fig.  465,  a,  b),  exhibit  papillary 
elevations  of  the  cell-walls  on  the  sides  next  their  neighbours; 
these  processes  elongate  until  they  come  into  contact ;  they  then 
adhere,  and  the  septum  formed  at  the  plane  of  union  becomes 
absorbed,  so  that  the  two  cells  become  connected  by  a  tubular  pro- 
cess, a  kind  of  isthmus.  The  contents  of  the  cells  meanwhile  retract 
themselves  from  the  wall,  lose  their  spiral  appearance,  and  become 
condensed  into  a  mass  ;  then,  in  some  cases,  the  whole  contents  of 
one  cell  travel  through  the  isthmus  into  the  opposite  cell  (c)  ;  in 
others,  the  contents  of  both  pass  into  the  isthmus,  which  expands 
into  a  globular  cavity  in  the  middle.  In  either  case  the  contents 
of  the  two  cells  become  combined,  and  they  form  a  globular  or  oval 
spore,  which  produces  two  or  three  firm  coats,  enters  a  stage  of  rest, 
and  remains  after  the  parent  filaments  have  decayed  away  (fig.  465, 
a,  d).  After  a  time,  usually  in  the  spring  succeeding  the  formation 
of  the  spore,  this  germinates,  bursting  its  coats  and  sprouting  out 
into  a  new  filament  like  the  parent  (fig.  465,  a,  e). 

This  conjugation  of  Spiror/yra  and  its  allies  has  long  been  known,  and 
was  without  a  parallel  for  many  years ;  as  stated  above,  an  analogous 
process  occurs  in  Diatomece  and  Desmidiece,  and  it  is  essentially  related  to 
the  processes  of  fecundation  by  spermatozoids  next  to  be  described. 

828.  The  history  of  the  fertilization  in  CEdogonium  is  one  of  the 
most  curious  points  in  the  whole  range  of  vegetable  physiology,  es- 
pecially so  as  regards  the  male  organs,  which  undergo  a  complex 
course  of  development  as  follows.  On  the  same  plant  that  produces 
the  female  spore,  or  in  some  species  on  another  individual,  are  formed 
special  cells  called  "  microgonidia  "  or  "  androspores."  The  office  of 
these  cells  is  to  produce  ultimately  antheridia,  in  which  latter  sperma- 
tozoids are  formed.  The  androspores  are  formed  in  the  ordinary  cells 
of  the  plant,  and  escape  from  them  by  rupture  of  the  walls  of  the 
parent  cell  as  an  ordinary  zoospore  would  do,  and  like  it  they  swim 
about  in  the  water  for  a  time ;  but  while  an  ordinary  zoospore  after 
a  time  germinates  and  forms  a  new  thallus,  the  androspores  attach 
themselves  to  the  sides  of  the  female  spore  or  sporangium. 
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Fig.  539. 


In  this  situation  they  grow  into  a  sort  of  prothallus;  the  lower 

part  becomes  dilated  or  pear-shaped,  while 

the  upper  extremity  devclopcs  one  or  two 

small  cells  one  over  the  other.    These  are  the 

antheridia ;  and  in  each  of  them  is  formed  a 

spermatozoid,  the  fecundating  body.  These 

latter,  when  mature,  are  ciliated  and  butt 

against  the  top  of  the  antheridium,  and  at 

length  cause  its  detachment  in  the  shape  of 

a  little  lid.    In  this  manner  they  escape  from 

the  antheridium,  move  about  for  a  time  in  the 

water  by  means  of  their  cilia,  and  ultimately 

pass  into  the  female  spore  through  an  opening 

previously  specially  prepared  for  its  passage 

in  the  summit  of  the  female  spore.    Here  the 

spermatozoid  comes  into  contact  with  a  quan- 
tity of  colourless  granular  mucilage  formed 

in  that  situation  prior  to  fecundation,  the 

distention  consequent  on  which  seems  to  ac- 
count for  the  formation  of   the  aperture 

through  which  the  fecundating  body  passes. 

The  spermatozoid  touches  the  mucilage,  or 
even  penetrates  it  to  some  extent,  and  becomes 

blended  with  it  and  thus  fertilizes  the  spore, 
which  subsequently  becomes  invested  by  a 
cell-wall  in  the  ordinary  way. 

829.  Vaucheria  is  a  genus  of  filamentous 
Confervoid  Alga?,  in  which  the  long  branched 
filament  consists  of  a  single  enormously  de- 
veloped cell.  This  plant  is  commonly  pro- 
pagated by  a  peculiar  kind  of  zoospore  dis- 
charged from  the  thickened  end  of  the  fila- 
ment or  of  its  branches.  But  at  certain  epochs 
lateral  structures  are  developed  at  the  sides 
of  the  filaments,  as  branch  cells,  which  be- 
come shut  off  from  the  main  tube  by  septa; 
some  of  these  processes  expand  into  ovate  and 
beaked  or  bird's-head-shaped  bodies,  others 
into  short  curled  filaments  or  "  horns."  The 
former  are  sporanges,  the  latter  antheridia. 
When  ripe,  the  antheridia  or  "  horns  "  dis- 
charge their  cell-contents  in  the  form  _  of 
numerous  spindle-shaped  corpuscles,  moving 
actively  by  the  help  of  a  pair  of  cilia.  Meanwhile  an  orifice  is 
formed  in  the  beak  of  the  sporauge,  and  some  of  the  spermatozoids 


(Edogonium  cilialum :  A,  ordi- 
nary cells,  in  each  of  which 
a  zoospore  (E)  is  formed  : 
C,  C,  sporangia :  Ji,  B,  an- 
drospores,  one  bearing  at  a 
an  antheridium.  (lie  lid  of 
which  is  detached :  D,  ex- 
tremity of  the  plant. 
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make  their  way  in,  so  as  to  come  into  direct  contact  with  the  cell- 
contents.    This  phenomenon  is  followed  by  the  closing-up  of  the 


Fig-.  540. 


Vaucheria:  A,  A,  spermatozoids ;  B,  C,  horn-like  antheridium ;  D,  D',  sporanges; 

E,  spore. 

sporange  by  a  membrane,  and  the  conversion  of  its  contents  into  a 
fertile  resting-spore. 

830.  Sphceroplea  is  another  genns  of  filamentous  Confervoids, 
composed  of  rows  of  cylindrical  cells,  in  which  fertilization  of  the 
resting-spores  by  spermatozoids  has  been  directly  observed  (Cohn). 
In  some  of  its  cells  the  contents  are  converted  into  a  number  of 
globular  bodies,  in  others  the  contents  are  developed  into  numerous 
spermatozoids.  When  mature,  orifices  are  formed  in  walls  of  the  cells 
of  both  kinds ;  the  spermatozoids  escape  from  their  parent  cell,  and 
make  their  way  in  through  the  orifices  of  the  parent  cells  of  the 
spores ;  the  latter  when  fertilized  produce  their  cellulose  coat,  and 
ripen  to  resting-spores,  which  are  set  free  by  the  decay  of  the  parent 
filaments. 

Analogous  phenomena  have  been  recently  observed  in  various  other 
filamentous  Confervoids,  as  in  CEcloffonium,  Bulboclicete ;  and  Cohn  has 
lately  described  a  similar  process  in  Volvox. 

831.  The  mode  of  fertilization  in  the  Florideaa  (§  546)  or  Red  Sea- 
weeds, has  been  well  made  out  by  MM.  Thuret  and  Bornet,  who  thus 
describe  the  process  in  Helminthora.  A  small  cell,  originating  on 
the  side  of  one  of  the  dichotomous  filaments  of  which  the  frond  is 
composed,  elongates,  divides  transversely,  and  becomes  a  short 
branchlet  made  up  of  four  superposed  cells,  of  which  the  uppermost 
alone  continues  to  develope.  Shortly  there  may  be  seen  projecting 
from  the  summit  of  this  uppermost  division  a  little  protuberance, 
which  gradually  lengthens  into  a  long  hyaline  hair,  often  dilated  at 
the  extremity,  This  is  the  trichogyne  or  essential  organ  of  fertili- 
zation. When  the  spermatozoids  (here  globular  and  motionless)  come 
into  contact  with  the  upper  part  of  this  hair  they  adhere  to  it.  Then 
the  cell  which  forms  the  base  of  the  trichogyne  swells  and  divides 
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into  segmonts,  and  is  soon  transformed  into  a  small  cellular  mass, 
which  gradually  forms  the  young  "  cystocarp  "  or  mass  of  spores. 
The  trichogyno  gradually  disappears.  In  Callithamnion  the  aggre- 
gations of  spores  called  favellce  (§  546)  are  formed  from  the  side, 
not  at  the  base,  of  the  trichogyno,  in  consequence  of  fecundation  by 
the  anthcrozoid.  Here,  then,  we  have  motionless  antherozoids 
formed  in  the  antheridium  of  one  plant,  escaping  and  coming  into 
contact  with  the  free  end  or  style-like  process  of  another  plant ;  and 
as  a  result  of  this  contact,  the  cell  at  the  base  divides  and  subdivides 
into  a  mass  of  spores. 

832.  The  observations  made  by  Thuret  on  Fucacese  are  very  de- 
cisive. In  this  Order  the  conceptacles  (§  547)  produce  in  their  in- 
terior bodies  of  two  kinds,  antheridia  (fig.  464,  c)  and  spore-sacs  (fig. 
464,  e),  either  together  or  in  separate  conceptacles  (monoecious),  or  in 
separate  plants.  The  antheridia  discharge  2-ciliated  spermatozoids 
(fig.  464,  d),  which  are  poured  out 
through  the  pores  of  the  receptacles 
(fig.  464,  a)  into  the  surrounding 
water.  At  the  same  time  the 
spore-sac  (fig.  464,  e)  bursts  and 
emits  an  iuner  sac  (fig.  541,  a),  in 
which  may  be  observed  2,  4,  or 
8  (a)  spherical  corpuscles,  destitute 
of  a  cellulose  membrane ;  this  inner 
sac  breaking  loose,  bursts  and  dis- 
charges its  corpuscles,  which,  like 
the  spermatozoids. pass  through  the 
pores  of  the  receptacle  into  the 
water.  Here  they  become  sur- 
rounded by  a  cloud  of  spermato- 
zoids (fig.  541,  b)  which  attach 

thprrwplves  to  the  surface   and  bv  Developmental  fertilization  of  spores  of 
tnemseives  10  lue  bUlldoe,  aou  vesicu/ofus.     inner  8p0re-sac  bursting  from 

their  ciliary  movement  Cause  the    the  outer  sac  and  about  to  liberate  the  spores; 
,  J       i  T   b,  a  free  spore  (devoid  of  cellulose  coat)  sur- 

sphcres  to  revolve.    Jn  the  course 


rounded  by  spermatozoids;  c,  impregnated 
spore  with  a  cellulose  coat;  d,  the  same  ger- 
minating.   Magn.  160  diameters. 


of  a  few  minutes,  usually,  a  eel 
lulose  membrane  is  formed  upon 
the  surface  of  the  globular  corpuscle  (by  secretion  from  its  pri- 
mordial utricle  ?),  and  it  becomes  a  cell  (fig.  541,  c),  which  sub- 
sequently germinates,  growing  by  cell-division  (fig.  541,  d)  into  a 
new  frond. 

These  observations  upon  the  fertilization  of  the  germinal  corpuscles  of 
the  AlgiB  are  of  extreme  interest,  both  ns  offering  examples  of  the  process 
of  sexual  conjunction  of  the  simplest  kind  in  plants  nnd  as  nfiordin? .  hko 
the  development  of  zoospores  (§  698),  beautiful  illustrations  of  the  theory 
of  free-cell  formation  (§  697)  by  the  production  of  a  cellulose  coat  around 
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a  naked  primordial  utricle  after  it  has  been  completely  separated  from  the 
parent,  -a  phenomenon  never  met  with  in  the  higher  plants,  where  this 
kind  of  cell-formation  can  only  be  observed  in  the  interior  of  the  parent 
structures,  as  in  the  embryo-sac  of  the  Phanerogamia. 

833.  In  the  conjugating  Algae  we  observe  the  new  cell  to  be 
produced  by  the  complete  union  of  the  entire  contents  of  the  spore- 
cell  and  germ-cell,  which  are  undistinguishable  from  each  other.  In 
the  other  kinds  cited,  the  contents  of  the  germ-cell  become  converted 
into  one  or  more  globular  corpuscles,  rudimentary  spores  ;  while  the 
contents  of  the  sperm-cells  are  developed  into  numerous  minute  cor- 
puscles, usually  of  a  spindle-shape  (not  spiral),  moving  actively  by  a 
pair  (?)  of  cilia.  The  corpuscles  of  the  germ- cells  acquire  a  cellulose 
coat  and  become  cells  ;  the  spermatic  corpuscles  disappear  after  they 
come  into  contact  with  the  nascent  spores,  either  dissolving  or  becom- 
ing absorbed  into  the  substance  of  the  latter. 


Sect.  4.  Reproduction  of  Angiospor^:,  or  Leafy  Cryptogamia. 

834.  The  reproduction  of  the  Orders  included  in  this  division  pre- 
sents but  one  common  character,  namely  the  representation  of  the 
sperm-cell  by  antheridial  cells,  who.ie  contents  are  discharged  in  the 
form  of  spirally  coiled  filaments  moving  actively  in  the  water  by 
means  of  two  or  more  ciliary  appendages.  In  the  majority  of  the 
Orders  the  female  organ  occurs  in  a  form  somewhat  analogous  to 
the  ovule  of  Phanerogamia,  called  the  archegonium  (or  pistillidium), 
which  gives  rise,  however,  to  very  different  products  in  the  different 
groups.  In  the  Characese  there  is  no  distinct  archegonium,  the  spore 
being  directly  fertilized  and  growing  up  into  a  new  plant ;  yet  as 
this  spore  presents  the  external  characters  of  an  archegonium,  and 
the  antheridia  are  spiral,  the  Order  is  clearly  referable  to  the  present 
division. 

In  the  Gymnosporae  the  fertilization  of  the  germ-corpuscle  is  followed 
by  its  conversion  into  a  spore  (Spirogyra,  Vaucheria),  or  into  a  cell  which 
may  be  called  a  sporangial  cell  on  account  of  its  contents  undergoing  divi- 
sion into  a  number  of  new  germs  when  it  begins  to  grow  (Closterium,  Bal- 
bochate,  &c).  In  the  Angiosporse  (excepting  Characese)  the  relations 
of  the  spores  to  the  proper  sexual  structures  are  more  distant  and  very 
diverse,  the  course  of  development  being  much  more  complicated. 

Characece. 

835.  The  reproductive  organs  of  this  Family  are  very  distinctly 
characterized,  and  borne  in  a  conspicuous  external  position.  The  two 
kinds,  male  and  female,  called  respectively  the  globule  and  the  nucule, 
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occur  cither  together  on  the  same  branch  of  the  plant,  on  distinct 
branches,  or  on  separate  plants. 

836.  The  globule,  or  anthericlium,  is  a  spherical  case  composed  of 
eight  (triangular)  segmental  pieces,  each  of  which  is  formed  of  a 
number  of  cells  radiating  from  a  central  one ;  all  these  have  red 
or  orange  contents,  imparting  a  colour  to  the  globule  as  seen  in 
its  natural  condition.  From  the  central  cell  of  each  valve  projects 
inward  an  oblong  cell ;  these  eight  cells  meet  in  the  centre  together 
with  the  apex  of  a  flask-shaped  cell  which  enters  the  globule  at  its 
base,  forming  the  pedicle  by  which  it  is  attached  to  the  branch. 
Where  these  nine  cells  meet  in  the  centre  is  found  a  little  cellular 
mass,  from  which  arise  a  number  of  slender  jointed  filaments.  When 
the  globule  is  mature,  its  valves  separate,  and  each  carries  away  its 
central  cell  bearing  a  tuft  of  the  jointed  filaments.  The  cells  form- 
ing the  joints  of  these  filaments  are  then  seen  each  to  contain  a 
minute  spirally  coiled  thread,  which  makes  its  way  out  and  appears 
as  a  2-ciliated  actively  moving  spermatozoid,  resembling  those  of  the 
Mosses. 

837.  The  nucule  is  a  somewhat  anomalous  organ,  presenting  at 
first  the  characters  of  an  archegonium,  and  afterwards  those  of  a  spore. 
It  consists  essentially  of  a  large  oval  cell  surrounded  by  a  double 
coat  and,  outside  this,  by  five  spirally  coiled  and  intimately  connected 
cortical  filaments.  The  five  spiral  cells  terminate  at  the  summit  in 
five  (or  ten)  teeth ;  and  it  appears  that  these  teeth  separate  from  each 
other  at  a  certain  epoch,  leaving  a  free  passage  down  the  centre,  to 
the  wall  of  the  central  cell.  In  this  state  we  may  compare  the 
structure  to  an  archegonium,  or  to  an  ovule  of  Phanerogamia.  It  is 
supposed  that  spermatozoids  from  the  globule  pass  into  the  canal  be- 
tween the  crown  of  teeth  of  the  nucule  and  cause  it  to  become  fertile. 
The  product,  however,  of  the  fertilized  central  cell  is  not  a  tree  embryo 
or  a  spore,  but  it  becomes  itself  the  first  cell  of  the  new  plant,  like  a 
spore.  After  fertilization  the  nucule  drops  off  from  the  parent,  passes 
through  a  stage  of  rest,  and  in  the  following  season  germinates  like 
a  seed  or  spore  and  grows  up  at  once  into  a  new  plant.  Pringsheim, 
however,  states  that  the  spore  developes  a  true  prothallus  like  that 
of  the  Mosses. 

In  favour  of  the  supposition  that  the  young  nucules  are  impregnated 
while  the  apical  crown  of  teeth  is  open,  we  have  two  circumstances, 
namely  -—that  the  spermatozoids  are  discharged  from  the  globules  at  the 
same  period ;  and,  secondly,  that  when  the  nucules  are  ripened  in  autumn, 
they  germinate  in  the  following  spring,  at  an  epoch  when  no  spermatozoids 
are  in  existence. 
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Axogamia 

838.  Under  this  title  we  in- 
clude theLiverworts  andMosscs, 
on  account  of  their  sexual  or- 
gans, essentially  similar  inland 
and  mode  of  development,  being 
in  all  cases  developed  upon  the 
axis  of  the  perfect  leafy  plant. 

Both  Liverworts  and  Mosses 
produce  antlieridia  and  arche- 
gonia,  either  on  the  same  plant 
or  on  distinct  individuals.  There 
are  minor  differences  of  struc- 
ture in  the  different  groups  of 
these  Orders,  some  of  which 
may  he  briefly  described. 

oon    rni  iT     'j '       o  n     Antheridia  and  archegonia  Sec.  of  Hepaticje :  a, 

bdy.   lne  antliendia  01  tUe    yertiCal  section  of  tne  inflorescence  of  Radula 

complanata,  with  young  (axillary)  antheridia  and 
(terminal)  archegonia,  niagn.  50  diam. ;  6,  vertical 
section  of  an  archegonium,  with  germ-corpuscle, 
of  Jungermannia  divaricata,  magn.  250  diam. ; 
c,  immature  antheridium  of  Radula  complanata 
(vert,  section),  magn.  250  diam. ;  d,  Spermato- 
zoid;  e.immature  fruit,  with  surrounding  epigone 

la 


and  two  abortive  arohegonia  (pp)  of  Radula  com- 
planata (vert,  section),  magn.  100  diam 

Fi<?.  543. 


Hepaticse  (and  with  these  agree 
the  same  organs  of  Sphagnacese) 
are  elliptical  or  globular  sacs 
(fig.  542,  c)  formed  of  a  single 
layer  of  cells ;  they  are  found 
imbedded  in  the  thalloid  stem  of 
Eiccia,Pellia,  &c,  or  in  the  sub- 
stance of  the  (male)  receptacles 
of  MarcJiantia  (p.  425),  or  on 
stalks  arising  from  the  frondose 
stem,  in  Fossomhronia,  and  in 
the  axils  of  theleavcs  in  the  foli- 
aceous  kinds  of  Jungermanniece 
(fig.  542,  a).  The  interior  of  the 
sac  is  filledwith  minute  roundish 
cells,  at  first  coherent,  but  ulti- 
mately free.  These  (the  sperm- 
cells)  escape  by  the  rupture  of 
the  sac  of  the  antheridium,  and 
each  of  them  emits  a  2-ciliated 
spiral  spcrmatozoid  (fig.542,<f). 
840.  In  the  Mosses  the  an- 

llipriflin  firp  lnvo-ov  o-nrl  ™„„„  Antheridium,  archegonium,  &c.  of  Mosses :  a,  ver- 
merUtW  are  laiger  and  more    tical  section  of  arclegonimn  with  gorm-cell  from 


elongated  and  cylindrical  sacs, 
not  stalked  (fig.  543,  b)  •  they 
arc  found  in  the  axils  of  leaves, 
sometimes  scattered,  but  more 
frequently  collected  in  axillary 


Phascum  cuspidal iim,  magn.  100 diam.;  J,  anthe 
ridium  of  Polytrichum  commune,  bursting  to  dis- 
charge spennatozoidB,  magn.  25  diam. ;  c,  sperm- 
cell  and  spcrmatozoid  of  the  same,  magn.  200 
diam. ;  d,  spermatozoicls  of  the  same,  magn  400 
aiam.;  e,  immature  fruit  of  Phascum  bru'oides 
(vertical  section),  c,  ealyptra,  v,  vaginule,  magn 


40  diam. 
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or  terminal  bud-like  structures  {inflorescence),  either  with  the  arche- 
gonia, or  in  a  monoecious  or  dioecious  condition.  The  antheridial 
sacs  arc  filled  with  a  tissue  which  is  ultimately  resolved  into  sperm- 
cells,  which  are  discharged  by  the  bursting  of  the  sac  (fig.  543,  b); 
and  when  these  escape  (fig.  543,  c)  they  in  their  turn  emit  an  active, 
spirally  twisted,  2-ciliated  spermatozoid  (d). 

The  antheridia  and  spermatozoids  of  Mosses  may  be  readily  observed  in 
Polj/trichum  commune,  the  male  plants  of  which  form  their  "  flowers " 
{stellulce  masculines)  abundantly  on  every  heath  in  spring. 

841.  The  archegonia  are  very  much  alike  in  Hepaticas  and  Musci, 
being  flask-shaped  cellular  cases,  with  a  long  neck  (fig.  542,  a,  b ; 
fig.  543,  a),  found  generally  several  together,  commonly  at  the  ends 
of  shoots,  surrounded  by  modified  leaves,  which  receive  special  names 
(pp.  421,  423),  forming  a  kind  of  perianth.  In  Anthoceros  the  arche- 
gonium  is  formed  in  the  substance  of  the  thalloid  stem.  When 
mature,  the  archegonia  exhibit  in  their  basal  cavity  a  germ-corpuscle 
(fig.  542,  b  ;  fig.  543,  a),  which  in  all  probability  is  fertilized  by  the 
passage  of  spermatozoids  down  the  canal  of  the  neck  of  the  flask- 
shaped  body.  In  any  case  this  corpuscle  is  converted  into  a  cell  in 
one  of  the  archegonia  of  a  flower,  the  rest  remaining  barren  (fig. 
542,  p,  p). 

Hofmeister  has  observed  spermatozoids  actually  within  the  canal  of  the 
archegonium,  in  Funaria  hygrometrica.  M.  Lortet  has  not  only  assured 
himself  that  these  active  spiral  corpuscles  descend  by  the  neck  of  the 
archegone  until  they  reach  the  central  cell,  but  he  states  that  he  has 
witnessed  the  manner  in  which  the  latter  is  fertilized  by  the  moving 
spirals.  Fecundation  is  effected  by  the  contact  of  a  certain  little  vesicle 
which  the  spermatozoids  carry  at  the  side  of  their  swollen  extremity, 
which  vesicle  contains  some  six  or  eight  amylaceous  corpuscles,  and 
increases  very  much  in  size  at  the  moment  the  process  is  accom- 
plished. M.  Lortet  has  repeated,  in  the  vegetable  kingdom,  the  experi- 
ment formerly  made  by  MM.  Dumas  and  Prevost  with  certain  auimals. 
He  submitted  the  fertilizing  liquid  of  the  Preissia  commutata,  containing 
the  antherozoids,  to  filtration,  and  found  that  the  thick  juice  which 
passed  through  the  filter  was  incapable  of  rendering  the  plant  fruitful, 
whilst  the  matters  retained  by  the  filter,  which  swarmed  with  sperma- 
tozoids, rendered  all  the  archegones  fertile;  this  was  proved  by  applying 
the  contents  of  the  filter,  by  means  of  a  soft  brush,  over  the  female 
organs.  M.  Lortet  has,  moreover,  remarked  that  the  cilia  of  the  sperma- 
tozoids terminate,  like  the  antennae  of  several  insects,  in  a  little  expansion 
or  swelling. 

842.  When  the  germinal  cell  is  fertilized,  it  begins  to  grow  by 
cell-division,  and  forms  a  cellular  body  which  causes  the  expansion  of 
the  original  wall  of  the  arcliegonium  (fig.  542,  e).  After  a  time,  tliis 
wall  gives  way,  in  tho  Mosses  by  a  circumscissile  dehiscence,  so  that 
the  upper  part  is  carried  upwards  (fig.  543,  e,  c),  afterwards  becoming 
the  calgptra  (p.  421),  while  the  lower  part  (fig.  543,  e,  v)  remains  as 
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the  vaginule  (fig.  459,  c).  In  the  Hepaticse  the  sac  of  the  archegonium 
is  usually  ruptured  ia  the  upper  part,  and  there  is  no  cup-shaped 
Galyptra  formed,  the  sac  becoming  ultimately  the  envelope,  corre- 
sponding to  the  vaginule  of  Mosses,  here  often  called  the  epigone 
(p.  424,  fig.  460,  b,  a). 

The  central  cellular  body  (fig.  542,  e)  undergoes  very  remarkable 
changes :  by  degrees  it  exhibits  different  strata  and  regions,  and  in 
the  most  perfect  forms  of  this  Class  ultimately  rises  out  on  a  stalk- 
like  process  from  the  vaginule  (fig.  543,  v),  and  becomes  a  sporan- 
gium or  capsule,  filled  with  spores  (pp.  420-425). 

The  mode  of  development  of  the  spores,  which  are  simple  cells  with  a 
double  coat,  or  a  proper  cell-membrane  covered  by  a  distinct  cuticular 
(§  638)  layer,  is  briefly  as  follows: — In  the  cellular  rudiment  of  the  cap- 
sule, concentric  layers  of  the  parenchyma  become  differently  metamor- 
phosed :  the  outer  layers  form  the  walls  of  the  capsule  and  the  sporangial 
membrane  below,  continuous  with  the  peristome  (p.  421)  above;  the  cen- 
tral mass  (in  Mosses)  is  developed  into  the  columella :  the  intermediate 

Fig.  544. 


Germination  of  the  spores  of  a  Moss  (Funaria  hi/grometrica) :  c,  spore  sprouting;  d,  more 
advanced  and  the  first  ceU  divided ;  a  and  b,  nascent  leaf-buds  on  the  coniervoid  proto- 
in ■  i! i. 1 .    ivi&yn.  200  (iimn. 

layers  which  produce  the  spores,  after  multiplying  to  a  certain  extent, 
iorm  tree  cells  from  the  whole  contents  of  each  cell ;  the  walls  of  the  ori 
ginal  or  parent  cells  dissolve,  and  a  cavity  is  formed,  in  which  the  free  cells 
(parent  cells  of  the  spores)  lie  loose.    These  cells  become  divided  into 
four  chambers  by  septa ;  and  each  of  these  chambers  (special  parent  cells  of 
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the  spores)  produces  a  single  free  cell  from  its  whole  contents.  The  last- 
formed  cells,  set  free  by  the  solution  of  their  mother  cells,  are  the  spore- 
cells,  which  when  ripe  are  found  coated  with  a  cuticular  layer,  often  more 
or  less  marked  with  points  or  reticulations,  like  pollen-grains. 

In  the  subsequent  history,  another  kind  of  propagation  takes  place. 
When  the  spores  germinate,  they  produce  a  confervoid  structure  (pro- 
tonema,  fig.  544),  from  different  cells  of  which  are  produced  a  number  of 
buds  (a,  b),  each  of  which  grows  up  into  a  new  leafy  stem,  forming  a 
tufted  group  of  plants,  which  after  a  time  fructify  again  by  aniheridia  and 
archegonia. 

Thallogamia. 

843.  In  this  group  of  Flowerless  plants  we  meet  with  a  curious 
displacement  of  the  reproductive  structures,  which  do  not  occur  in 
immediate  connexion  with  the  morphologically  perfect  plant,  but  on 
a  temporary  structure  produced  by  and  cast  off  by  the  leafy  stem. 

Ferns  and  Equisetaceae,  unlike  as  they  are  in  their  complete  forms, 
agree  so  closely  in  their  sexual  reproduction,  that,  like  the  Liver- 
worts and  Mosses,  they  may  be  described  together.  Both  these 
groups  are  characterized  by  producing  but  one  kind  of  spore,  deve- 
loped in  sporanges,  more  or  less  intimately  connected  with  the 
foliaceous  structure  (pp.  414,  417).  "When  these  spores  are  sown, 
they  germinate  by  emitting  a  tubular  process  (fig.  545,  a),  which  by 
cell-division  (b)  enlarges  into  a  small,  green,  leaf-like  plate,  some- 
what like  the  frond  of  a  Liverwort,  called  the  prothallium  (c).  This 
is  capable  of  supporting  itself,  having  filamentous  rootlets ;  and  if 
the  changes  next  to  be  described  do  not  immediately  take  place,  this 
prothallium  often  propagates  vegetatively,  new  prothallia  budding- 
out  from  its  base. 

When  completely  formed  (c),  this  structure  exhibits  on  its  under 
surface  cellular  papillary  bodies  of  two  kinds,  which  are  the  an- 
theridia  and  archegonia :  the  former  are  scattered  over  the  whole 
surface ;  the  latter,  less  numerous,  are  chiefly  found  in  the  thickened 
central  region,  from  which  the  rootlets  arise,  especially  between  this 
and  the  anterior  notch. 

844.  The  aniheridia  are  structures  composed  of  one  cell  (or  two 
superposed),  developed  from  the  lower  free  face  of  one  of  the  cells 
of  the  prothallium  (fig.  545,  e,  /).  In  the  interior  a  second  cell  is 
formed,  the  contents  of  which  become  segmented  and  developed  into 
a  number  of  minute  vesicles,  the  sperm-cells.  When  ripe,  the  top 
of  the  antheridial  cell  falls  off  like  a  lid  and  the  sperm-cells  escape 
(70 ;  each  of  these  emits  a  spermatozoid  (i,  k),  differing  in  form  from 
that  of  the  Mosses  and  Liverworts,  and  having  numerous  cilia.  The 
spermatoijoids  are,  moreover,  provided  with  a  mucilaginous  vesicle, 
which  is  supposed  to  be  of  consequence  in  the  process  of  fertilization. 

845.  The  archegonia  are  developed  ou  the  same  prothallium  as  the 
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antheridia  in  many  Ferns;  the  Horse-tails  appear  to  be  dioecious, 
archegonia  having  been  detected  only  on  distinct  protJialha.  The 
external  structure  is  a  papilla  formed  of  four  collateral  tiers  of  cells, 
with  a  canal  running  down  the  central  intercellular  passage  (fig.  545, 
7,  m,  n,  o).  The  papilla  projects  from  the  lower  surface  of  the  pro- 
thallium  ;  and  when  mature  its  canal  has  an  open  mouth  (n).  The 


Fig.  545. 


Reproduction  of  Ferns:  a,  apore  germinating;  i,  more  advanced  (magn.  50  diam.);  e,  full- 
grown  prothallium,  with  archegonia  (lower  Burface);  d,  vertical  section  of  the  central 
region  of  a  prothallium,  passing  through  an  archegonium  and  two  antheridia;  e,  two 
antheridia  (side  view) ;  f,  antheridia  seen  from  above ;  g,  antheridium  burst  (side  view) ; 
h,  sperm-cell  from  antheridium;  »,  spermatozoid  escaping  from  sperm-cell  (magn.  300 
diam.);  1c,  front  view  of  a  spermatozoid;  I,  vertical  section  of  a  young  archegonium ;  m, 
more  advanced ;  n,  still  older,  with  the  canal  open,  and  an  embryonal  corpuscle  in  the  sac 
(magn.  100  diam.);  o,  view  of  the  mouth  of  an  archegonium,  from  above;  j>,  vertical  sec- 
tion of  an  archegonium  with  the  embryo  in  course  of  development  in  the  sac ;  q,  the  same, 
more  advanced  (less  magnified);  r,  vertical  section  of  young  plant,  more  advanced,  with  a 
fragment  of  the  prothallium  (magn.  50  diam.);  s,  t,  young  plants  of  P/eris  serrulata,  with 
their  first  and  second  leaves  and  adventitious  roots,  still  connected  with  their  prothallia. 

canal  leads  to  a  basal  cell  (embryo-sac),  in  which  lies  a  germinal 
corpuscle  (n),  as  in  the  archegonium  of  Mosses  (§  841).  This  cor- 
puscle is  fertilized  by  the  entrance  of  spermatozoids  into  the  canal 
and  becomes  the  embryonal  cell.  Seldom  more  than  one  arche- 
gonium in  a  prothallium  becomes  fertile ;  the  abortive  ones  acquire  a 
peculiar  brown  colour  in  the  canal  and  embryo-sac. 


602 


rnYsioLooY. 


Cell-division  ensues  in  the  embryo  thus  formed  (fig.  545,  p,  q) ; 
but  the  result  is  not  the  formation  of  a  capsulo,  as  in  the  Mosses, 
but  of  a  bud,  producing  loaves  (r)  gradually  more  and  more  perfect 
(s,  t)  in  the  Ferns,  and  of  the  characteristic  stem  in  the  Equisetaceaj. 
When  these  vegetative  structures  are  sufficiently  mature,  they  pro- 
duce the  sporanges  and  spores,  as  described  in  a  former  section 
(p.  418). 

The  development  of  the  spores  of  Ferns  is  similar  in  its  most  essential 
points  to  that  of  the  Mosses.  The  thecse  or  sporanges  (p.  418)  are  pro- 
duced from  certain  cells  of  the  parenchyma  of  the  fertile  leaves ;  and  when 
mature,  they  break  out  upon  the  lower  surface,  naked  or  covered  by  the 
indusia  (p.  418).  They  are  at  first  cellular  papillas,  the  parenchyma  of 
which  becomes  differentiated  in  the  course  of  development;  the  outer 
layer  forms  the  cellular  wall  of  the  sporange  and  the  annulus  (p.  418), 
while  the  central  parenchyma  assumes  the  character  of  parent  cells  of  the 
spore-cells,  which  are  developed  in  fours,  as  in  Mosses  &c,  and  acquire 
when  ripe  a  cuticle  marked  with  granules,  spines,  or  ridges  (fig.  458,  p) . 

Sporogamia. 

846.  It  has  long  been  known  that  the  Lycopodiaceae  and  the 
Marsileacese  produce  spores  of  different  kinds,  unlike  especially  in 
size,  so  that  they  are  conveniently  distinguished  as  microspores  and 
megaspores.  These  are  produced  in  similar  or  only  slightly  different 
sporanges  (pp.  411-414),  which  in  the  Marsdeacese  occur  together 
or  separately  in  an  additional  envelope,  forming  the  spore-fruit 
(p.  411). 

The  reproduction  by  means  of  these  spores  presents  characters 
greatly  differing  from  those  described  in  the  preceding  group,  and 
approaching  those  found  in  the  Phanerogamia. 

847.  When  the  microspores  of  Lycopodiaceae  and  Pilularia  are 
sown,  their  contents  are  converted  into  minute  sperm-cells,  dis- 
charged when  mature,  and  each  giving  birth  to  a  ciliated  spermatozoid 
(fig.  546,  a).  In  Salvinia,  the  microspores  produce  cellules,  each  of 
which  produces  again  several  sperm-cells  in  its  interior. 

The  formation  of  the  microspores,  in  their  capsules,  agrees  essentially 
with  the  development  of  the  spores  of  Ferns  in  their  thecse. 

848.  The  megaspores  have  a  very  different  history,  subject  to 
slight  modification  in  particular  genera ;  it  will  suffice  to  describe 
as  an  example  the  mode  of  development  in  Selaginella. 

When  the  large  spore  of  Selaginella  is  sown,  after  some  time  the 
outer  tough  coat  bursts  at  the  apex,  marked  by  the  convergence  of 
three  ridges  externally  (fig.  546,  b)  ;  when  this  opening  of  the  outer 
coat-  takes  place,  it  is  found  that  a  discoid  layer  of  minute  cells  has 
been  developed,  between  a  second  coat  lining  the  cuticular  layer  and  a 
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third  coat,  which  immediately  encloses  the  fluid  contents  of  the  spore  ; 
this  coat  may  be  extracted  from  the  outer  coat,  and  the  cellular 
disk  is  then  seen  upon  its  upper 
end  (fig.  546,  c).  This  disk 
is  the  prothallium,  and  upon 
its  exposed  surface  (b)  are 
found  the  archegonia  (in  Sela- 
ginella numerous,  in  Pilularia 
tfce.  solitary).  Cellular  tissue 
is  also  developed  in  the  large 
sac  of  the  spore,  underneath 
the  disk,  but  separated  from  it 
by  the  inner  spore-coat.  This 
is  shown  in  the  vertical  section 
of  the  spore  (d).  The  arche- 
gonia consist  of  an  embryo- 
sac,  with  an  intercellular  canal 
leading  down  to  it  (/),  the 
four  upper  cells  bordering  the 
canal  being  more  or  less  pro- 
duced above  the  surface  of  the 
prothallium  (d,  /).  In  the 
embryo-sac  lies  a  germinal 
corpuscle  (/),  which  is  doubt- 
less fertilized  by  the  sperma- 
tozoids  of  the  microspores, 
but  at  what  time  and  in  what 
manner  is  as  yet  not  known. 

849.  The  fertilized  germinal 
corpuscle  is  then  developed 
by  cell-division,  forming  the 
embryo,  which  in  Selaginella 
descends  into  the  cellular  tis- 
sue of  the  large  cavity  of  the 
spore  (fig.  546,  h),  its  primary 
cells  growing  into  a  filamen- 
tous suspensor,  bearing  the 
true  embryo-cell  at  the  lower 
end.  Tho  embryo  (fig.  546,  i) 
gradually  takes  form  and  pro- 
duces a  leaf-bud  (/c),  and  sends 
out  an  adventitious  root ;  the 
bud  and  the  root  escape  from 
the  spore-coat  (I),  leaving  be- 
hind the  cellular  mass  (pseudo- 


Reproduction  of  Selaginella  (Lyoopodiacea) :  a, 
Bmall  or  antheridial  Bpore  discharging  sperm- 
cells,  containing  sperrnatozoids  (magn.  1 00  diam.) ; 
6,  large  spore,  with  the  outer  coat  bursting,  to  dis- 
play tiie  prothalliuni  bearing  archegonia  (magn.15 
diam.);  c,  large  spore  with  the  outercoat  removed, 
showing  the  entire  inner  coat,  with  the  cellular 
prothallium  at  the  upper  end  (magn.  100  diam.)  ; 
d,  vertical  section  of  a  more  advanced  prothallium 
with  archegonia  (mngn.  100  diam.);  e,f  \  <7,arohego- 
nifl  with  embryonal  corpuscles  in  the  sacs  (magn. 
800  diam.) ;  h,  vertical  section  of  prothalliuni,  with 
the1  embryo  developed  from  one  archegonium 
imbedded  in  the  cellular  mass  of  the  spore-sac 
(magn.  100  diam.);  i,  more  advanced  embryo,  ex- 
tracted from  the  spore,  with  its  suspensor  (magn. 
100  diam.) ;  k,  vertical  section  of  a  spore,  with 
embryo  breaking  forth  (magn.  15  diam.) ;  I,  young 
plant,  with  stem,  leaves,  and  root,  still  connected 
with  the  spore  from  which  it  has  emerged  (magn. 
2  diam.). 
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cotyledon  ?)  first  formed,  which  dies  away  as  the  stem  grows,  like 
the  cotyledons  of  a  germinating  Pea. 

The  yonng  plant  (I)  thus  formed  grows  up  at  once  into  a  new 
leafy  stem,  ultimately  forming  sporanges  &c. 

_  The  conditions  in  Isoetes,  and  also  in  Pilularia  and  other  Marsileaceae, 
differ  in  various  points — such  as  the  absence  of  a  suspensor  in  Isoetes,  the 
existence  of  only  one  archegonium  in  the  Marsileaceaj  &c.  Seldom  more 
than  one  of  the  archegonia  become  fertile  in  Lycopodiacese.  The  deve- 
lopment of  the  embryo  of  the  genus  Lycopodium,  in  which  only  microspores 
have  been  observed,  is  at  present  involved  in  obscurity,  no  attempts  to 
cause  germination  having  as  yet  succeeded.  Spring,  the  monographer  of 
this  group,  even  goes  so  far  as  to  express  the  opinion  that  the  genus  Lyco- 
podium was  originally  dioecious,  and  that  one  of  the  sexes  has  been  lost, 
so  that  the  male  plants  alone  remain,  perpetuated  by  simple  vegetative 
division.  This  view,  however,  is  improbable.  The  male  plant  would 
probably,  as  in  other  cases,  occasionally  produce  female  organs ;  but  these 
have  as  yet  escaped  observation. 

A  peculiar  phenomenon  is  exhibited  in  the  formation  of  the  megaspores 
of  these  Orders.  The  microspores  are  developed  in  fours  in  parent 
cells,  much  as  in  Ferns  and  Mosses  as  regards  the  metamorphosis  of  the 
internal  parenchyma  of  the  sporanges  into  free  cells.  But  in  the  de- 
velopment of  the  megaspores,  when  the  parent  cells  of  the  spores  are 
formed,  in  Selaginella,  all  of  them  but  one  in  each  sporange  are  abortive, 
the  single  remaining  one  forming  four  special  parent  cells,  and,  ultimately, 
four  large  spores  which  fill  the  sporange. 

In  Pilularia  not  only  do  all  the  parent  cells  but  one  disappear  in  the 
megaspore-sporanges,  but,  when  this  one  divides  into  four  special  parent 
cells,  only  one  of  the  spore-cells  continues  to  be  developed,  the  other  three 
disappearing,  so  that  the  female  sacs  contained  in  the  spore-fruits  of  Pilu- 
laria each  enclose  only  a  single  megaspore.  This  megaspore  departs 
trreatly  in  external  character  from  all  the  other  structures  described  as 
spores'  in  the  leafy  Cryptogams,  and  approaches  in  some  degree  the  cha- 
racter of  a  detached  ovide  of  a  Flowering  plant. 

Sect.  5.  Reproduction  of  Phanebogaiha. 

850.  The  remarkable  distinguishing  character  of  this  group  of 
plants  is  the  possession  of  stamens  producing  pollen,  and  of  carpels 
producing  ovules,  the  latter  of  which  are  matured,  while  still  nourished 
by  the  parent  organism,  into  seeds  containing  an  embryo  (§§  16  & 
300)— a  rudiment  of  the  future  plant,  in  which  the  vegetative  organs, 
stem,  leaf,  and  root,  can  in  most  cases  be  distinguished. 

The  formation  of  these  reproductive  organs  closes  the  life,  or,  in 
perennial  plants,  the  periodical  cycle  of  growth ;  and  the  progeny 
thrown  off,  after  passing  through  a  stage  of  rest,  germinate  directly 
into  a  new,  perfect  morphological  representative  of  the  species. 

851.  In  the'Flowering  Plants,  as  indicated  in  the  preceding  Tarts 
of  this  work,  there  are  some  important  differences  in  the  con- 
struction of  the  essential  organs  of  the  flowers,  accompanied  by  a 
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striking  variation  in  the  course  of  development  of  the  embryo  sub- 
sequent to  the  concurrence  of  the  sperm-cell  with  the  original  germ- 
cell  of  the  ovule.  The  Morphological  differences  of  the  Gymno- 
spermia  and  Angiospermia  have  been  indicated  already ;  in  describing 
the  minute  phenomena  occurring  in  their  sexual  reproduction,  it 
is  advisable  to  treat  them  separately ;  but  as  the  pollen-grains 
are  produced  on  the  same  plan  in  both  groups,  these  structures 
may  be  previously  disposed  of  in  a  brief  account  of  their  general 
history. 

Pollen-grains  of  Phanerogamia. 

852.  Pollen-grains,  the  sperm-cells  of  Phanerogamia,  differ  im- 
portantly from  the  sperm-cells  of  the  Leafy  Oyptogamia  in  thet 
absence  of  any  corpuscular  contents  analogous  to  spermatozoids  ; 
their  protoplasm  exhibits  simply  a  nucleus,  with  granules  of  starch, 
oily  matters,  and  other  ordinary  cell-contents  (§§  595,  596).  In  this 
respect  they  approach  the  fertile  cells  of  Conjugating  Algae  (§  827). 

853.  In  their  simplest  forms  they  are  single  cells,  with  a  proper 
cell-coat  and  an  outer  cuticular  coat,  mostly  marked  with  irregu- 
larities, forming  a  kind  of  pattern  on  the  surface,  sometimes  very 
elegant.  In  particular  cases  the  outer  coat  is  laminated,  so  that  the 
pollen-cell  appears  to  have  several  coats.  In  all  cases  the  outer  coat 
exhibits  one,  three,  or  many  round  holes  or  slits  {pores)  (fig.  547,  e), 
where  the  inner  coat  is  bare  ;   in  the 

pollen  of  Passiflora,  Cucurbita,  &c.  there 
exist  lid-like  covers  over  the  pores  (fig. 
547,  c). 

854.  The  form  and  size  of  pollen-grains 
vary  very  much,  as  may  be  observed  even 
in  the  few  examples  here  figured;  but 
although  there  may  be  a  general  resem- 
blance throughout  particular  genera,  and 
even  Orders,  they  do  not  often  afford 
good  or  regular  systematic  characters. 
The  most  frequent  cases  of  agreement 
in  allied  plants  occur  when  they  possess 
compound  pollen-grains  (fig.  547,  b,  d), 
consisting  of  a  number  of  pollen-cells 
permanently  coherent  together.  The  most 
striking  cases  of  this  are  those  offered  so 

abundantly  in  Orchidaceae  (•§  509)  and  Pollen-grains,  mngn.  100 diameters: 

Asclepiadaceae  (§  458),  as  to  form  valu-  ^fcn^^X^fe 

able  systematic  characters  in  these  Or-  ha  •'  d.<  Pe>  ¥°™  graca ;  e,  Trade- 

ders.     These  pollen-masses  or  pollmia  ^^^ZZ^&ria 

consist  either  of  the  entire  mass  of  nollen  s<i,tama™a'  forming  poiien-tubea 

^  mcwo  ui  ^uutu      among  the  cells  of  the  stigma. 
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of  an  anther-cell,  or  of  a  half,  quarter,  oighth,  or  smaller  fraction,  so 
numerous  in  some  genera  as  to  appear  like  granules  merely  coarser 
than  ordinary  pulverulent  pollen. 

The  existence  of  pollen-masses  and  compound  grains  is  readily  ac- 
counted for  by  the  history  of  the  development  of  pollen,  which  agrees  in 
the  main  points  with  that  of  the  spores  of  Mosses  &c.  ( §  - 12  i.  The  par- 
enchyma in  tho  central  region  ot  each  lobe  of  a  young  anther  presents 
two  perpendicular  rows  of  cells,  one  corresponding  to  each  of  the  four 
primary  loculi  (§  200),  different  in  character  from  those  which  are  to  form 
the  walls.  The  cells  in  these  series  multiply  by  division  to  a  consider- 
able extent ;  and  ultimately  each  forms  a  free  cell  from  its  whole  con- 
tents— the  parent  cells  of  the  pollen.  These  are  set  free  by  solution  of  the 
walls  of  the  parenchymatous  framework  in  which  they  have  been  de- 
veloped, and  they  then  lie  as  loose  cells  in  the  loculi  or  chambers  of  the 
anther  thus  formed.  Each  parent  cell  divides  into  four  chambers ;  and 
each  of  these  chambers  (special  parent  cells)  produces  a  pollen-cell,  in  the 
case  of  simple  pollen-grains  set  free  by  the  solution  of  the  special  parent 
cell.  In  quaternary  pollen  (fig.  547,  d)  the  membranes  of  the  special 
parent  cells  are  not  dissolved,  and  thus  the  pollen-cells  are  held  together 
in  fours ;  and  the  more  complex  conditions  arise  from  the  membranes  of 
the  parent  cells  of  anterior  stages  persisting  sufficiently  to  hold  their  pro- 
geny together.  The  mode  of  formation  of  the  pollen  in  the  special  parent 
cells  is  by  some  attributed  to  cell-division  ;  but  the  more  generally  adopted 
view  is  that  it  is  formed  by  free-cell  formation.  The  nucleus  of  the 
parent  cell  divides  into  two  ;  between  these  two  a  quantity  of  granules  of 
protoplasm  are  aggregated  together  in  a  direction  across  the  parent  cell : 
these  granules  are  suddenly  seen  to  be  divided  by  a  line,  the  first  indica- 
tion of  the  cell-wall  between  the  two  cells  so  produced ;  these  two  again 
subdivide  ;  and  thus  four  pollen-cells  are  ultimately  found  in  one  parent 
cell.  The  pollen-masses  of  the  Asclepiadacese,  and  perhaps  of  some 
Orchidacese,  result  from  a  different  process :  in  these  the  outer  layers  of 
the  primary  parent  cells  do  not  develope  cells  in  their  interior,  but  become 
conjoined  into  a  cellular  pellicle  forming  a  sac  or  purse  enclosing  all  the 
pollen-grains  formed  within. 

The  pollen-cells  acquire  their  cuticular  coat  after  they  have  become 
free  ;  but  part  of  the  material  of  this  structure  appears  to  be  derived  from 
the  dissolved  membranes  of  the  parent  cells. 

Zostera  presents  a  remarkable  exception  to  the  usual  character  of  pol- 
len-grains, the  cells  here  having  the  form  of  short  cylindrical  filaments 
with  but  one  coat,  i.  e.  without  a  cuticular  layer.  In  these  a  rotation 
(§  786)  of  the  cell-contents  may  be  observed,  which  is  likewise  occasion- 
ally to  be  seen  in  recently  formed  pollen-tubes  of  other  plants.  _  The 
minute  starch-grains  of  the  cell-contents  are  noticeable  as  exhibiting  a 
molecular  motion,  which  was  at  one  time  imagined  to  be  of  vital  charac- 
ter, and  might  lead  the  inexperienced  to  suspect  the  existence  of  minute 
spormatozoids. 

Pollen-grains  of  Gymnospermia. 
855.  Tho  pollen-grains  of  the  Gymnospermia  present  a  modifica- 
tion of  the  structure  above  described.    They  arc  not  simple  cells,  but 
produce  in  their  cavity,  even  before  they  are  discharged  from  the  an- 
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ther,  minute  cellular  bodies,  composed  of  two  or  four  cells,  adherent 
to  that  side  of  the  pollen-grain  where  the  slit  (§  853)  exists  m  the 
outer  membrane. 

856.  In  the  Phanerogamia,  when  a  pollen-grain  falls  upon  a 
stigma  in  its  proper  or  "  receptive "  state  (known  by  the  presence 
of  a  saccharine  secretion),  the  inner  coat  is  protruded  in  the  form 
of  a  blind  pouch  (fig.  547,  7t)  from  one  or  more  of  the  pores  or 
slits,  and,  nourished  by  the  stigmatic  secretions,  grows  into  a  fila- 
ment of  great  tenuity,  which  makes  its  way  through  the  loose  stig- 
matic cells,  and  passes  down  the  canal  of  the  style  into  the  cavity  of 
the  ovary,  there  following  the  course  of  the  placentas  when  the  ovules 
are  numerous. 

857.  In  the  Gymnospermia  the  pollen-grains  fall  at  once  upon 
the  ovules  and  pass  into  the  micropyle,  sending  down  their  pollen- 
tubes — here  developed  from  the  internal  cellular  body  (§  855),  which 
penetrates  through  the  proper  coat  of  the  pollen-cell — into  the  sub- 
stance of  the  nucleus  of  the  ovule,  towards  the  deep-seated  em- 
bryo-sac. 

The  formation  of  imperfect  pollen-tubes  may  sometimes  be  caused  by 
placing  pollen-grains  in  syrupy  fluids ;  but  when  they  are  placed  in  dilute 
sulphuric  acid  &c.  the  extrusion  of  the  inner  coat  which  results  is  mostly 
a  process  of  mechanical  expansion,  and  the  projecting  pouches  soon  burst 
and  discharge  the  contents  of  the  cell,  owing  to  endosmotic  action. 

Ovules  of  Phanerogamia. 

858.  The  ovules  of  Phanerogamia  are  all  constructed  according  to 
some  modification  of  one  general  plan.  The  essential  part  is  the 
nucleus  (fig.  548,  a)  or  principal  cellular  mass,  in  the  interior  of 

Fig.  548.  Fig.  549. 


Fig.  348.  Diagrammatic  section  of  nn  ovule:  a,  nucleus;  b,  embryo-sae;  c,  inner  coat;  d  outer 
c  o.ii.;  g,  miorqpyle;  /',  chalaza;  ff,  funiculus. 

Fig.  649.  Young  ovules  of  Vinus.    A.  Vertical  section  at  the  time  when  the  primary  embryo- 
nic is  u  small  cell  in  the  centre  of  Hie  nucleus:  m,  micropyle.    I!.  Section  ol  an 
older  ovule:  m,  mioropj  le  with  two  pollen-grains  on  the  apex  of  the  nucleus - 
the  primary  embryo-sao  filled  with  cellular  tissue.   Magn.  50  diam.  '  ' 
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which  ono  of  tho  cells  is  greatly  enlarged,  forming  a  more  or  less  consi- 
derable cavity  (fig.  548,  b),  the  embryo-sac.  The  nucleus  is  attached 
to  the  placenta  of  the  carpel  to  which  it  belongs  by  tho  funiculus  (g) 
or  podosperm.  In  most  cases  one  or  two  coats  exist,  covering  up 
the  nucleus,  forming  the  internal  (c)  and  external  (d)  integuments. 
These  do  not  quite  meet  at  the  apex,  but  leave  an  orifice,  the  micro- 
pyle  (e),  leading  to  the  point  of  the  nucleus.  The  region  where  the 
base  of  the  nucleus  is  continuous  with  the  coats  (/)  is  called  the 
chalaza,  the  position  of  which,  in  reference  to  the  funiculus  and 
micropyle,  varies  in  different  forms  of  the  ovule  (§§  236-240). 

Ovules  of  Gymnospermia. 

859.  The  ovules  of  the  Gymnospermia,  Pinacese  and  their  allies, 
and  Cycadaeese,  are  produced  upon  open  carpels,  so  that  the  pollen- 
grains  have  direct  access  to  the  micropyle  (fig.  551,  A,  a).  In  Pi'jws 
two  of  these  occur  at  the  base  of  the  carpellary  scale.  Each  consists 
of  a  nucleus,  with  only  a  single  integument  (549,  A).  In  this  first 
figure  the  primary  embryo-sac  is  represented  in  the  centre  as  still 
very  small.  Before  the  pollen-grains  fall  on  the  micropyle  of  the 
ovule,  the  embryo-sac  becomes  filled  up  with  delicate  cellular  tissue 
(endosperm-cells).  Pig.  549,  B,  represents  a  section  of  an  ovule 
with  the  embryo-sac  (e)  filled  up  in  this  way,  and  two  pollen-grains 
which  have  penetrated  into  the  micropyle  (m)  pushing  their  pollen- 
tubes  into  the  substance  of  the  nucleus. 

In  the  upper  part  of  the  mass  of  endosperm  (e),  from  five  to  eight 
cells  are  found  to  expand  more  than  the  rest,  forming  secondary  em- 
bryo-sacs. These  are  not  formed  in  the  superficial  cells  of  e,  but 
from  cells  of  the  second  layer,  so  that  each  is  separated  from  the 
membrane  of  the  primary  embryo-sac  by  one  cell  (fig.  550,  A). 
Those  cells  lying  between  the  secondary  embryo-sacs  and  the  surface 
of  the  endosperm  next  undergo  division  crosswise,  so  as  to  form  a 
rosette  of  four  cells,  which  separate  at  the  converging  angles,  and 
leave  a  central  intercellular  passage  down  to  the  secondary  enibryo- 
sac.  In  this  state,  these  corpuscida,  as  they  were  called  by  P.  Brown, 
their  discoverer,  are  very  much  like  the  archegonia  in  the  internal 
prothallium-structure  of  Selaginella  (§  848). 

The  pollen-tubes  travel  down  through  the  substance  of  the  upper 
part  of  the  nucleus,  and  reach  the  mouths  of  the  canals  of  the  cor- 
puscula,  one  entering  each  (fig.  550,  B,  p  t).  At  the  same  time 
germinal  corpuscles  are  produced  at  the  base  of  the  secondary  embryo- 
sacs  (fig.  550,  B,  a).  These,  after  fertilization,  by  the  contact  of  the 
pollen-tube  with  the  upper  end  of  the  sac  (p  t),  become  cells,  mul- 
tiply and  form  a  cellular  mass  (C,  D,  E),  the  lower  cells  of  which 
break  out  through  the  bottom  of  the  endosperm,  and  grow  as  four 
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cellular  filaments  (F,  G,  H)  into  the  substance  of  the  lower  part  of 
the  nucleus  of  the  ovule.  At  the  ends  of  these  filaments  ceU-chvision 
again  occurs  (I) ;  and  from  the  apex  of  one  of  these  suspensors  (fc  849 ) 

Fig.  550. 


Fig.  551. 


Development  of  embryo  in  Conifers  (Pinna) :  A,  upper  part  of  the  embryo-sac,  with  two 
corpuscula  or  archegonia ;  B,  the  same  more  advanced,  the  right-hand  one  with  a  pollen- 
tube  (p  t)  in  its  canal  and  germinal  corpuscles  (a)  at  the  base ;  C,  D,  E,  successive  stages 
of  development  of  a  in  B;  Jf,  G,  H,  development  of  these  cells  into  suspensors,  at  the  end 
of  one  of  which  the  embryo  is  produced,  shown  in  I  (em).    Magn.  100  diam. 

is  developed  the  embryo  (I,  em).  As  there  are  several  corpuscles,  and 
each  produces  four  suspensors,  a  large  number  of  rudimentary  em- 
bryos are  developed ;  but  usually  only  one  of  all  these  rudiments  is 
perfected. 

That  embryo  which  is  fully  developed  gradually  increases  in  size, 
and  most  of  the  structures  above 
described  disappear,  so  that  the 
ripe  seed  exhibits  a  single  embryo 
imbedded  in  a  mass  of  endosperm 
or  albumen  (fig.  551,  D),  the  latter 
originating  apparently  from  the  nu- 
cleus of  the  ovule.  The  radicle  is 
covered  by  a  pileorJiiza  (§  680), 
which  is  intimately  blended  with 
the  substance  of  the  endosperm. 

860.  The  phenomena  presented 
in  other  Pinacere,  in  Taxus,  and  in 
the  Cycadacese  agree  in  most  of  the 

essential  particulars.  There  appear  Finns  syhesfris.   A.  Carpel  with  two  naked 

to  be  Some  Curious  peculiarities  in  o™1?8-'  »>  micropyle.  B.  Carpellary  scale 
, ,      n  ,  .  \  ,  of  ripe  cone,  with  seeds  (a).    C.  A  seed 

tne  imetacea),  Wllicn  arc  not  yet     separated  (a),  having  a  wing-like  prooesB. 

completely  made  out.  In  Welivits-  *■ 
chia,  whose  anomalous  structure 

has  been  described  at  p.  407,  the  embryo-sacs  grow  out  of  the  pri 
mary  embryo- sac. 
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Ovules  of  Angiospermia. 

861.  The  early  history  of  the  ovules  of  this  group  is  analogous  to 
that  of  the  ovules  of  Gymnosperms,  excepting  in  the  particular 

Fig.  552. 


Ovules,  showing  gradual  formation  of  coatB  over  the  nucleus  and  progressive  curvature. 


Fig.  553. 
c 


that  they  arise  from  the  placentas  existing  in  closed  ovaries 
instead  of  being  de- 
veloped upon  the  ex- 
posed surfaces  of  open 
carpels. 

The  ovules  arise  from 
the  placentas  as  mi- 
nute cellular  papilla?, 
which  gradually  take 
form,  and  exhibit  the 
regions  and  the  modi- 
fications of  their  ar- 
rangement described 
in  an  earlier  section. 


The  annexed  draw- 
ing (fag.  553) — actual 
views,  drawn  to  a  scale, 
of  the  development  of 
the  minute  ovules  of 
Orchis  —  illustrate  the 
gradual  formation  of  the 
coats  &c.  Fig.  553,  a, 
represents  ayoung  ovule 
projecting  out  from  the 
placenta,  before  it  has 
become  anatropous ;  the  nucleus  here  consists  merely  of  the  embryo-sac 
surrounded  by  a  single  layer  of  cells,  which  layer  is  absorbed  as  the  ovule 
grows  (c,  d),  so  that  the  embryo-sac  constitutes  the  whole  nucleus  of  this 
ovule.  In  a  the  inner  integument  partially  encloses  the  nucleus ;  in  b  the 
outer  integument  has  growu  up  over  this  to  a  certain  extent ;  and  both  are 
still  more  developed  in  c,  where  the  inner  coat  has  covered  up  the  nucleus 
(leaving  the  endostome,  §  236),  but  itself  projects  from  the  outer  coat  In 
d  the  outer  coat  has  grown  up  over  the  inner,  and  the  micropyle  or  fora- 
men (§  236)  consists  of  a  wide  exostome  and  a  narrow  endostome,  into 
which  the  pollen-tube  (p  t)  has  penetrated. 


Development  of  the  ovule  of  Orchis  Morio :  a,  a  young  ovule, 
with  the  nucleus  projecting  from  the  inner  coat;  b,  an 
older  ovule  becoming  anatropous,  with  the  outer  coat 
growing  up  over  the  inner;  e,  section  of  a  more  advanced 
ovule ;  d,  section  of  an  ovule  with  the  pollen-tube  (p  t) 
passing  down  the  micropyle,  and  in  contact  with  the  em- 
bryo-sac ;f,  an  embryo-sac  extracted,  with  three  germinal 
corpuscles;  g,  another,  with  the  end  of  a  poUcn-tube  ad- 
herent.   Magn.  about  100  diam. 
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Fig.  554. 


Ovules  are  seldom  so  small,  or  composed  of  so  few  cells,  as  the  fore- 
o-oino--  more  frequently  the  nucleus  is  a  cellular  mass  of  some  size,  and 
the  coats  are  composed  of  several  strata  of  cells.  The  outer  coat  is  the 
pr imine,  the  inner  the  secundine,  of  Mirbel. 

862.  At  the  epoch  when  the  pollen  is  scattered  from  the  anthers, 
the  ovule  presents  the  characters  which 
are  illustrated  in  fig.  554,  which  repre- 
sents the  anatropous  ovule  of  the  garden 
Hyacinth.  The  nucleus  (fig.  554,  n) 
is  surrounded  (in  this  case)  by  two  coats 
(s&p),  which  are  perforated  above  by  a 
canal,  the.micropyle  (m)  ;  at  the  base  of 
the  nucleus  is  the  chalazal  region  (c), 
whence  the  integuments  (scfcp)arise,  and 
where  the  raphe  (r),  with  its  spiral  ves- 
sels, ends.  In  the  centre  of  the  nucleus 
is  a  long  sac  (e  s),  the  embryo-sac. 
It  is  a  large  cell,  filled  with  watery 
fluid  and  protoplasm,  and  contains  at  its 
summit  the  germinal  corpuscles  (e  v), 
globular  or  oval  masses  of  protoplasm, 
one  of  which  becomes  the  germinal 
vesicle. 


Vertical  section  of  the  ovule  of  the 
garden  Hyacinth,  just  before 
impregnation  ;  f,  funiculus ;  r, 
raphe ;  c,  chalaza ;  ?i,  nucleus ; 
«,  inner  integument;  p,  outer 
integument;  m,  micropyle;  ee, 
embryo-sac;  ev,  germinal  cor- 
puscles, one  of  which  gives  origin 
to  the  embryo.  Magn.  25  diam. 


Some  authors  assert  that  these  corpuscles 
are  cells  before  impregnation  ;  but  we  hold 
that  they  are  merely  corpuscles  of  proto- 
plasm, or  rather  free  primordial  utricles 
(§  700),  like  the  unfertilized  spores  of  Fucus  (§  832).  In  fig.  556,  A,  e  v, 
is  shown  the  condition  before  fertilization  in  Santalum.  Most  observers 
consider  that  the  germinal  vesicles  exist  before  fecundation ;  but  Tulasne 
inclines  to  the  belief  that  they  are  the  first  results  of  that  process.  In 
some  cases,  at  the  bottom  of  the  embryo-sac,  small  cells  (antipodal  cells) 
have  been  seen,  which  have  only  a  temporary  existence,  and  disappear 
after  fertilization.    The  purport  of  these  cells  is  not  known. 

863.  The  embryo-sac  exhibits  different  modes  of  development  in 
different  Orders  of  plants.  In  the  Orchidaceaa  the  cell  which  con- 
stitutes the  embryo-sac  (fig.  553)  very  soon  obliterates  the  sur- 
rounding cells,  here  a  single  layer,  and  comes  to  form  the  entire 
nucleus  (c,  d,  «,/).  In  the  Composita3  an  analogous  condition  is 
met  with.  In  the  Leguminosa?  the  embryo-sac  sometimes  expands 
so  as  to  cause  the  absorption  even  of  the  inner  integument. 

On  the  other  hand,  it  often  only  occupies  a  moderate  part  of  the 
nucleus  (fig.  554),  and  may  then  be  a  simple  cylindrical  or  oval  sac, 
or  run  out  into  pouches  or  diverticula,  as  occurs  especially  in  Scro- 
phulariaceae.    A  remarkable  condition  occurs  in  Santalacea3,  where 
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the  micropyle  to  meet 
Fig.  555. 


Vertical  section  of  the  ovary, 
containing  one  ovule,  of 
Carduus :  s,  base  of  the 
canal  of  the  style :  o,  body 
of  the  ovule ;  p  t,  bundle 
of  pollen-tubes,  descend- 
ing from  the  stigma;  es, 
embryo-sao ;  e,  nascent 
embryo.   Magn.  25  diam. 


the  apex  of  tho  embryo-sac  grows  out  from 
the  pollen-tubes,  mucb  as  in  Ephedra  or  Wel- 
witschia,  -wherein  the  coat  of  the  ovule  is  pro- 
longed into  a  styliform  process  ;  in  Santalum 
album  and  some  other  plants  the  embryo  is 
developed  entirely  outside  the  nucleus,  in  the 
protruded  part  of  the  sac. 

864.  When  the  pollen-tubes  are  formed  in 
the  stigma  (§  856),  they  gradually  elongate 
by  growth  at  the  apex  into  tubes  which  pass 
down  the  canal  of  the  style  when  this  exists, 
the  latter  being  sometimes  several  inches 
long.  The  time  occupied  in  this  growth  varies 
from  a  few  hours  to  a  week  or  two.  The 
pollen-tubes  mostly  die  away  above  as  they 
grow  below ;  and  the  stigma  withers  soon  after 
the  pollen-tubes  have  penetrated. 

It  is  remarkable  that  the  stigma  remains  fresh 
for  a  considerable  time  in  unfertilized  ovaries ; 
and  in  the  occasional  cases  of  development  of  an 
unfertilized  ovule,  which  has  been  observed  in 
some  dioecious  plants,  as  Calebogyne,  Hemp,  Mer- 
curialis,  &c.,  the  stigma  does  not  wither. 

865.  The  pollen-tubes  are  exceedingly  minute,  the  diameter 
averaging  from  4^00  to  7  uxu0  of  an  inch.  But  Amici  estimated  the 
number  of  pollen-tubes  formed  from  the  pollen-masses  of  Orchis 
Morio  at  120,000.  Experiments  have  shown,  however,  that,  under 
favourable  circumstances,  a  very  few  pollen-grains  suffice  for  even  a 
many-ovuled  ovary.  Kolreuter  found  that  when  25  pollen-grains 
were  placed  on  the  stigma  of  Hibiscus  Trionum,  10—16  ovules  were 
developed ;  with  50  or  60  grains,  above  30  ovules ;  and  1,  2,  or  3 
at  the  most  sufficed  the  single  ovules  of  Mirabilis  Jalapa  and  J/. 
longiflora. 

The  bundle  of  pollen-tubes  proceeding  from  the  style  is  distri- 
buted in  fractions,  or  partial  bundles,  to  the  placentas,  when  several 
of  these  exist.  The  pollen-tubes  make  their  way  to  the  points  of 
the  ovules  (figs.  555,  p  t,  &  553,  d,  p  t),  and  one  or  two  enter  the 
micropyle  of  each.  Generally  speaking,  the  tube  ceases  to  elongate 
when  it  reaches  the  outer  surface  of  the  apex  of  the  embryo-sac. 
Sometimes  it  runs  onwards  a  little  way  (fig.  553,0),  often  depressing 
the  membrane  of  the  embryo-sac  a  little.  According  to  Hofmcister, 
it  actually  breaks  through  into  the  embryo-sac  in  Canna.  In  all 
cases  it  contracts  a  firm  adhorence,  and  possibly  a  kind  of  conjuga- 
tion takes  place  (fig.  556,  B). 

866.  The  arrival  of  tho  pollen  tube  upon  the  surface  of  the  cm- 
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bryo-sac  is  followed  by  the  development  of  one  (rarely  of  more)  of 
the  germinal  corpuscles  (fig.  556,  A,  e  v)  into  the  germinal  cell 
(fig.  556,  B,  e  v). 

In  Orchis,  two  of  the  corpuscles  are  sometimes  developed  into  embryos  • 
In  Citrus,  as  may  be  readily  observed  in  Orange-pips,  two  embryos  are 
very  frequently  formed  in  the  seed. 

Fig.  5-57. 


Fig.  556.  Apex  of  the  embryo-sac  of  Sanialum  album  :  A,  just  before  impregnation ;  B,  with 
the  pollen-tube  (p  t)  adherent,  and  a  cellulose  membrane  upon  the  germinal  cell 
(ev).    Magn.  400  diam. 

Fig.  557.  Development  of  the  embryo  and  seed  of  Tetragonololms  purpureas.  A.  Section  of  a 
seed  soon  afkr  fertilization:  e,  embryo,  in  the  upper  end  of  e«,  the  embryo-sae, 
which  in  this  stage  is  all  that  remains  of  the  nucleus;  ii,  internal  integument;  ei, 
external  integument;  e /,  epidermal  layer;  m,  micropyle;  c.ehalaza;  r,  raphe;,/, 
funiculus.  Is.  Section  of  half-ripe  seed,  with  internal  integument  obliterated,  and 
the  embryo-sao  filled  with  endosperm-cells:  co,  cotyledon  ;  ra,  radicle  of  the  em- 
bryo) hi,  hilum;  other  references  as  in  A.  (This  section  represents  a  condition 
which  is  permanent  in  albuminous  seeds.)  C.  Section  of  a  ripe  seed,  in  which  the 
growth  of  the  embryo  has  obliterated  the  endosperm,  and  the  seed  consists  merely 
of  embryo  and  testa;  the  latter  is  composed  of  the  persistent  external  integumen  t 
with  its  epidermal  layer. 
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8b"7.  The  development  of  the  germinal  cell  into  the  embryo  ex- 
hibits some  variations  in  different  cases.  Most  frequently  the  cell 
divides  transversely,  and  the  upper  cell  often  elongates  (sometimes 
dividing  again  by  septa)  so  as  to  form  a  tubular  confervoid  filament, 
or  suspensor,  hanging  from  the  top  of  the  embryo-sac,  and  bearing 
at  its  lower  end  the  true  embryonal  cell,  which  soon  becomes  a  mass 
of  cells,  which  are  ultimately  shaped  into  a  mono-  or  dicotyledonous 
embryo.  This  suspensor  is  seen  especially  in  Cruciferse,  Scrophula- 
riaceae,  &c. ;  it  is  a  single  globular  cell  in  Potamogeton.  In  Zea,  Fri- 
tillaria,  &c.  the  germinal  cell  does  not  elongate  at  all.  In  Orchis 
the  suspensor  grows  out  from  the  micropyle. 

868.  Different  changes  are  undergone  by  the  parts  of  the  ovule 
during  the  development  of  the  embryo  (fig.  557).  In  exalbuminous 
seeds  (§  298),  the  embryo  in  its  growth  destroys  all  trace  of  the 
nucleus,  and  in  the  ripe  seed  lies  immediately  within  the  coats.  In 
seeds  with  albumen  or  endosperm  (§  299)  the  commonest  condition 
is  for  the  embryo-sac  to  become  filled  with  cells  which  are  moulded 
over  the  embryo  internally,  and  to  expand  externally  until  the  sur- 
rounding tissue  of  the  nucleus  disappears,  or  remains  only  as  an 
element  in  the  coats  of  the  seed.  The  tissue  developed  in  the 
embryo-sac  forms  the  albumen.  In  Piperacea?,  Nympha?aceae,  and 
a  few  other  cases  a  double  albumen  is  formed  (§  299),  endosperm 
being  formed  both  inside  and  outside  the  embryo-sac,  the  latter  being 
developed  from  the  tissue  of  the  nucleus. 

No  rules  can  be  given  for  the  homologies  of  the  "coats"  of  the  seed — 
the  testa  and  teymen  or  endopleura, — which  are  formed  either  from  the 
primine  and  secundine,  or  from  these  and  the  nucleus — and  sometimes  from 
one  alone  of  them,  its  tissues  undergoing  a  different  development  in  dif- 
ferent layers. 

Fertilization. 

869.  In  the  preceding  paragraphs  the  structural  arrangements  of 
the  sexual  organs  of  flowering  plants  and  the  manner  in  which  the 
embryo  is  formed  have  been  described  ;  it  remains  now  to  speak  of 
certain  curious  phenomena  that  have  been  observed  relating  to  the 
process  of  fertilization.  The  existence  of  distinct  sexes  in  plants 
was  inferred  by  Linnaeus  from  certain  arrangements  which  he  de- 
scribed, and  which  would  favour  the  process  of  fertilization,  though 
it  was  soon  seen  that  in  many  instances,  as  in  the  case  of  bisexual 
plants,  the  agency  of  the  wind  or  of  insects  was  required  to  con- 
vey the  pollen  to  the  stigma.  Except  in  the  instances  just  al- 
luded to,  it  was  the  general  opinion  that  self-fertilization  was  the 
rule  in  hermaphrodite  flowers,  i.  e.  that  the  stamens  of  any  given 
flower  shed  their  pollen  on  the  stigma  of  the  same  flower.  Spreugel, 
however,  and  recently  Darwin  have  done  much  to  prove  that  though 
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Polyanthus :  a,  stamens  exserted,  style 
included  ;  b,  style  exserted,  stamens 
included. 


a  flower  may  be  structurally  hermaphrodite,  it  is  usually  functionally 
bisexual,  and  that  a  greater  number  of  healthy  seeds  are  produced 
when  a  cross-fertilization  between  the  stamens  of  one  flower  and 
the  pistil  of  another  flower  of  the  same  species  is  effected.  Darwin 
even  states  that  in  those  cases  where  self-fertilization  is  the  rule,  a 
cross  occasionally  occurs. 

The  facts  just  mentioned  may  he  illustrated  by  the  case  of  the  common 
Primrose,  the  flowers  of  which  are  di- 
morphic :  in  some  the  stamens  are  long 
and  protrude  beyond  the  corolla;  in 
others  the  style  is  long  and  projecting, 
while  the  stamens  are  concealed  within 
the  corolla.  Now  the  greatest  number 
of  fertile  seeds/are  formed  when  pollen 
from  the  long' stamens  is  made  (by  in- 
sect agency/dr  otherwise)  to  pass,  not  on 
to  the  short  style  of  the  same  flower, 
but  on  /to  the  long  style  of  another 
flower.  Other  plants,  such  as  Lythrum 
Salicaria,  are  trimorphic,  having  styles 
and  stamens  of  three  different  lengths. 
Eeciprocal  fertilization  is  possible  be- 
tween any  two  of  these ;  but  the  most 
perfect  fertilization  occurs  when  the 
style  of  one  flower  is  impregnated  with 
pollen  from  a  stamen  of  equal  length  with  itself  belonging  to  another 
flower. 

Though  cross-fertilization  is  thus  shown  to  be  advantageous  and  very 
general,  yet  there  are  some  cases  where  every  adaptation  seems  to  be 
made  with  the  view  of  securing  self-fertilization,  as  in  the  following  case. 
In  Dombeya  the  staminodes  or  sterile  stamens  are  longer  than  the  fertile 
ones,  and  are  endowed  with  a  power  of  movement  in  virtue  of  which  they 
curve  downwards  and  outwards,  so  as  to  come  into  contact  with  the  fer- 
tile stamens,  whose  anthers  open  outwardly.  In  this  manner  the  stami- 
nodes become  dusted  with  pollen,  and  then  become  uncoiled,  assume  an 
erect  position,  so  as  to  come  into  contact  with  the  stigma,  whose  curling 
lobes  twist  round  them  and  receive  the  pollen  from  them. 

Hildebrand  gives  the  following  arrangement  of  the  distribution  of 
sexual  relations  in  flowering  plants: — 

A.  Male  and  female  organs  in  different  flowers  (diclinous),  self-fertiliza- 

tion consequently  impossible,  and  foreign  impregnation,  accomplished 
by  insect  agency  or  wind,  indispensable.  Under  this  head  are  in- 
cluded the  flowers  of  dioecious  and  monoecious  plants. 

B.  Male  and  female  organs  in  the  same  flower  (monoclinous). 

1.  One  sex  developed  before  the  other  (dichogamous).  Those  flowers 
in  which  the  male  organs  reach  maturity  before  the  female  ones  are 
called  protandrous,  and  those  in  which  the  female  reach  maturity 
before  the  male  protogynous;  self-impregnation  is  thus  naturally 
prevented,  and  fertilization  is  accomplished  by  insect  agency 

2  e  2 


61G 


PHYSIOLOGY. 


2.  Both  sexes  developed  at  the  same  time. 
a.  Flowers  opening. 

i.  Anthers  remote  from  the  stigma. 

a.  Length  of  style  on  different  individuals  of  the  same  species 
diverse  (Het/trostylia ).  Self-impregnation  is  not  prevented ; 
but,  in  comparison  with  impregnation  through  insect  cTgency, 
it  is  either  entirely  useless  for  fruit-formation,  as  in  Pul- 
monaria  officinalis,  or  effected  only  with  unimportant  results, 
as  in  Primula  sinensis. 

it.  Length  of  style  on  different  individuals  of  the  same  species 
equal. 

O.  Sexual  organs  changing  their  reciprocal  position  during  the 
development  of  the  flower.     Self-impregnation  avoided  ; 
impregnation  by  means  of  insects  facilitated. 
00.  Sexual  organs  remaining  unaltered  in  position  during  the 
development  of  the  flower, 
t  Insect  agency  necessary  to  fertilization ;  self-impregnation 
in  fact  impossible,  foreign  aid  indispensable  :  Orchidese. 
Or  self-impregnation  possible,  but  not  indispensable, 
foreign  impregnation  more  frequent :  Asclepiadeae. 
tt  Insect  agency  not  necessary  to  fertilization.  Self-im- 
pregnation possible,  but  impregnation  also  performed 
by  insects. 

The  possibility  of  self-fertilization  is  evident — 1,  where  the  flowers  are 
erect  and  the  filaments  are  longer  than  the  styles,  as  in  Vitis,  Chenopodium, 
&c. ;  2,  where  the  flowers  are  pendent  and  the  filaments  are  shorter  than 
the  stvles,  as  in  Fritillaria  imperialis,  Convallaria  majalis,  &c. ;  but  as  all 
these  "flowers  are  visited  by  insects,  cross- impregnation  probably  often 
takes  place. 

ii.  Anthers  near  the  stigma. 

*  No  fruit  formed  without  impregnation  by  insects :  Corydalis 
cava. 

It  would  scarcely  have  been  deemed  credible  that  self-fertilization  was 
impossible  in  such  an  instance  as  Corydalis  cava,  where  the  anthers  are 
closely  appressed  to  the  stigma,  and  in  which  self-impregnation  appears 
inevitable.  In  his  experiments,  however,  Hildebrand  discovered  that 
when  this  plant  was  secured  from  the  visits  of  insects,  and  also  when  the 
pollen  was  artificially  applied  to  the  stigma  of  the  same  flower,  no  fruit 
was  set.  To  obtain  perfect  fruit  he  found  it  necessary  to  impregnate  the 
stigmas  of  one  plant  with  pollen  from  another. 

**  Fruit  formed  as  a  result  of  self-impregnation,  but  impregnation 
by  insects  not  excluded. 

Instances  of  undoubted  self-fertilization  of  individual  flowers  are  known 
in  the  »enus  Fumaria,  Salvia  hirsuta,  Limtm  wntattssimum,  Cephalanthcra 
grandijlora,  Ophrys  apifrra,  &c. ;  but  the  Dumber  and  quality  of  seeds 
borne  is  less  than  where  cross-impregnation  is  effected. 
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p.  Flowers  not  opening. 
Self-impregnation  alone  results,  every  foreign  impregnation  being  ex- 
cluded ;  but  these  plants  all  have  other  flowers  which  open  and  are  thus 
exposed  to  the  possibility  of  extraneous  impregnation. 

The  general  conclusions  that  may  be  drawn  from  the  above  facts  are 
thus  given  by  the  author  already  cited  : — 

1.  The  arrangements  in  the  majority  of  flowers  are  such  that  no  self- 
impregnation  can  take  place,  but  a  transport  of  the  pollen  from  flower  to 
flower  is  accomplished  instead. 

2.  Insects  are  necessary  in  most  cases  for  the  conveyance  of  the  pollen. 

3.  When  the  access  of  a  flower's  own  pollen  is  prevented,  it  necessarily 
follows  that  self-impregnation  is  impossible. 

4.  In  those  caseswhere  self-impregnation  is  possible,or  even  unavoidable, 
the  possibility  of  foreign  impregnation  is  for  the  most  part  not  excluded. 

5.  And  in  these  cases  insects  are  active,  and  accomplish  the  impreg- 
nation of  the  flowers. 

6.  There  is  probably  no  flowering  plant  to  which  access  of  foreign 
pollen,  at  least  to  a  portion  of  its  flowers,  is  impossible,  and  continued 
self-impregnation  alone  possible — therefore  no  flowering  plant  which  fur- 
nishes a  proof  against  the  general  law  which  negatives  self-fertilization. 

7.  By  experiments  it  has  been  found  that  where,  by  accident  or  design, 
the  pollen  of  a  flower  falls  on  the  stigma  of  the  same  flower,  fertilization 
either  does  not  follow,  or  when  it  dots  occur  the  quantity  of  seed  is  less 
than  where  foreign  pollen  is  employed. 

8.  A  gradual  transition  may  be  traced,  starting  from  those  cases  where 
self-impregnation  is  utterly  impossible,  to  those  where  it  is  possible  and 
evident,  but  not  to  the  exclusion  of  the  possibility  of  a  foreign  impreg- 
nation of  the  flowers. 

9.  The  sexual  relations  and  mode  of  fructification  do  not  invariably 
tend  towards  the  morphological  affinities  of  the  flowers.  In  some  isolated 
families  the  sexual  conditions  of  all  members  are  alike;  in  other  families, 
again,  and  even  genera,  they  are  essentially  different.  The  sexual  relations, 
therefore,  have  not  developed  with  equal  pace  and  in  the  same  way  as  the 
morphological  relations  in  the  transformation  and  perfection  of  flowering 
plants. 

Hybridization. 

870.  The  treatment  of  the  subject  of  the  sexual  reproduction  of 
Plants  would  be  incomplete  without  some  notice  of  the  phenomenon 
of  hybridization,  or  cross-breeding  between  distinct  specie  :  of  plants. 

Prom  the  difficulties,  arising  partly  from  the  minute  size  of  the 
structures,  partly  from  the  comparatively  recent  date  of  any  accurate 
knowledge  of  the  sexual  organs  of  the  Cryptogamia,  we  are  at  present 
only  acquainted  with  a  few  certain  facts  in  reference  to  the  cross-breed- 
ing of  species  in  that  Subkingdom.  It  has  long  been  known,  however, 
that  in  collections  of  cultivated  Perns  forms  spring  up  from  time  to 
time  presenting  new  characters,  more  or  less  intermediate  between 
well-known  natural  species;  and  these  have  been  commonly  ac- 
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counted  hybrids.  The  discovery  of  the  phenomenon  of  fertilization 
on  the  prothallia  (§  845)  of  Ferns  gives  a  new  support  to  the  suppo- 
sition that  such  plants  are  hybrids,  although  the  question  is  still 
insufficiently  supported  by  evidence. 

871.  We  possess,  however,  some  facts  of  importance  on  this  sub- 
ject relating  to  the  Fucaceous  Algae.  Thuret  took  advantage  of  the 
extrusion  of  the  germ-cells  and  spermatozoids  (§  832)  in  Fucacea? 
before  impregnation  to  collect  these  separately  and  experiment  on 
the  degree  to  which  hybridization  was  possible.  He  found  that  sper- 
matozoids of  Focus  serratus  and  F.  vesiculosus  would  not  fertilize  the 
spores  of  Ozothallia  vulgaris,  and  vice  versd.  Neither  could  the 
spores  of  Himanthalia  lorea  be  fertilized  by  Ozothallia  vulgaris  or 
Fucus  serratus,  nor  the  spores  of  Fucus  serratus  by  the  spermatozoids 
of  F.  vesiculosus.  But  the  spores  of  F.  vesiculosus  impregnated  by 
the  spermatozoids  of  F.  serratus  became  fertile  and  germinated; 
which  fact  is  the  more  interesting  since  F.  vesiculosus  is  a  variable 
plant  in  its  natural  state,  while  the  others  named  exhibit  compara- 
tive fixity. 

872.  The  existence  of  hybiids  in  Phanerogamia,  produced  by  im- 
pregnating the  ovule  of  one  plant  with  the  pollen  of  another,  is  a  well- 
ascertained  fact ;  and  indeed  hybrids  are  produced  at  will,  within 
certain  limits,  by  gardeners. 

It  is  necessary  to  distinguish  here  between  true  hybrids,  or  mules,  re- 
sulting from  the  crossing  of  distinct  species,  and  simple  cross-breeds{ov 
metis') commonly  included  under  the  name  of  hybrids  by  gardeners,  and 
resulting  from  the  crossing  of  varieties  (§  311)  of  the  same  species. 
It  is  from  the  last  operation  that  the  great  majority  of  the  "  hybrids  " 
produced  in  favourite  florists'  flowers,  such  as  Pelargonium,  Fuchsia, 
&c,  are  derived — this  cross-fertilization  presenting  little  difficulty, 
and  commonly  occurring  naturally  where  large  quantities  of  varieti 
are  grown  together. 

The  ready  cross-fertilization  of  varieties  spontaneously,  places  great 
difficulty  in  the  way  of  growing  the  varieties  of  cult;vated  vegetables  for 
seed.  The  different  varieties  of  the  Cabbage,  Turnip,  Pea,  &c.  are 
difficult  to  preserve  pure  as  seeding-plauts  in  large  gardens  or  seed-grow- 
ing establishments,  from  the  fact  of  insects  and  the  wiud  carrying  the 
pollen  from  plant  to  plant. 

873.  True  hybrids  can,  as  a  rule,  only  be  produced  between  plants 
belonging  to  the  same  genus.  When  they  are  more  diverse  than 
this,  they  will  usually  not  cross  ;  and  even  within  the  limits  of  genera, 
species  will  not  always  breed  together.  i 

Generic  difference  in  Flowering  plants  usually  involves  difference  in 
the  structure  of  the  reproductive  organs,  we  are  therefore  not  surprised 
at  the  above  statement ;  numerous  instances,  however,  occur  of  the  refusal 
of  nearly  allied  species  to  cross,  where  we  cannot  detect  any  structural 
differences  between  them. 
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874.  The  tendency  to  cross-breeding  is  less  common  than  is  fre- 
quently supposed.  Gaertner,  the  greatest  experimental  authority  on 
this  point,  states  that  in  10,000  sets  of  experiments,  carried  on 
during  many  years,  he  only  obtained  259  true  hybrids.  It  is  found 
impossible,  for  example,  to  cross  the  Gooseberry  and  the  Currant 
(two  species  of  liibes),  the  Apple  and  Pear  (two  species  of  Pyrus),  the 
Blackberry  and  Raspberry  (allied  species  of  Rubus),  &c. 

Besides  this  peculiar  indisposition  to  hybridize,  there  exists  an 
obstacle  in  nature,  in  the  greater  facility  with  which  an  ovule  receives 
the  influence  of  its  own  pollen ;  Gaertner  describes  this  pheno- 
menon under  the  name  of  elective  affinity,  stating  that  when  the 
natural  pollen  and  that  of  another  species  are  placed  upon  a  stigma, 
the  foreign  pollen  remains  inert ;  and  even  when  the  natural  pollen 
is  applied  a  little  time  subsequently  to  the  foreign  pollen,  it  acquires 
the  supremacy,  and  the  embryos  prove  true,  and  never  hybrids. 

875.  When  species  are  crossed,  the  result  from  the  hybrid  seed  is  a 
plant  differing  from  both  parents,  bearing  more  or  less  relation  to  one 
or  the  other,  as  regards  form  and  habit,  in  different  cases.  Gardeners 
do  not  appear  agreed  as  to  the  kind  of  influence  exerted  by  the 
male  and  female  parents  respectively,  in  determining  the  character  of 
the  mule.  Gtertner  states  that  in  hybrids  of  Digitalis  the  mules 
most  resembled  tbe  female  parent,  while  in  Nicotiana  the  reverse 
appeared ;  and  he  believes  no  law  can  be  laid  down  in  regard  to  this 
point. 

876.  The  seeds  ripened  after  hybridizing  generally  form  but 
a  fraction  of  those  matured  under  natural  circumstances.  Thus, 
according  to  Goartner,  hybrids  of  Verbascum  Lychnitis  with  V.  ni- 
grum gave  but  63  per  cent,  of  the  normal  number,  with  V. 
Thapsus  21  per  cent.,  with  V.  pyramidatum  3  per  cent. ;  hybrids 
of  Diantlnis  barbatus  with  D.  Armeria  53  per  cent.,  with  B.  deltoides 
22  per  cent.,  with  D.  virgineus  1  per  cent.,  &c.  Moreover  dioecious 
plants  appear  less  prone  to  hybridize  than  those  with  hermaphrodite 
flowers. 

877.  The  seeds  originating  from  a  process  of  hybridization  pro- 
duce plants  varying  very  much  in  their  degrees  of  fertility.  It  ap- 
pears that  the  majority  are  barren ;  in  many  cases  only  a  portion  of 
the  seeds  formed  produce  fertile  plants  ;  while  in  a  few  cases  the  hybrid 
plants  are  nearly  as  fertile  as  those  of  their  parent  species  when 
unmixed.  It  is  observed  also  that  in  fertile  hybrid  plants  the  flowers 
earliest  opened  are  the  most  fertile,  or  sometimes  are  the  only  ones 
that  ripen  seed,  subsequent  flowers  often  developing  fruits  the  seeds 
of  which  are  destitute  of  an  embryo. 

This  barrenness  of  the  later  flowers,  from  deficient  vital  force  is  in 
some  degree  analogous  to  what  we  sometimes  observe  in  cut  flowering 
stems  of  succulent  plants.    We  have  seen  the  ovaiy  swell,  and  one  or 
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more  seeds  become  extensively  developed  on  a  cut  spike  of  Aloe  and  on  an 
umbel  of  Crinum,  thrown  aside  to  wither.  The  seeds,  however,  were  quite 
"  blind,"  the  expansion  consisting  of  an  abnormal  development  of  the 
integuments  of  the  ovule,  the  nucleus  and  embryo-sac  remaining  un- 
changed. 

878.  In  some  fertile  hybrids  it  is  observed  that  their  progeny 
forming  the  second  and  third  generations  become  more  fertile  than 
the  original  hybrid  ;  it  is  noticed,  however,  that  their  descendants 
usually  exhibit  a  great  tendency  to  vary  in  external  character,  and 
often  return  more  or  less  to  the  type  of  one  of  the  parents. 

Hybrid  characters  seem,  from  the  researches  of  Naudin,  not  to  be  per- 
manent. The  plants  revert,  as  above  said,  to  the  type  of  one  or  the  other 
of  the  parents.  What  are  termed  "  sports  "  by  gardeners,  i.  e.  shoots 
differing  in  character  from  those  on  the  other  portions  of  the  plant,  are 
frequently,  but  not  always,  due  to  a  dissociation  of  hybrid  or  metis 
characters. 

879.  The  impregnation  of  the  ovules  of  hybrids  by  the  pollen  of 
plants  of  either  parent  species  produces  more  fertile  seeds  than  are 
formed  after  self-fertilization  of  hybrids.  The  progeny  in  such  cases 
return  more  or  less  to  the  parent  type,  on  the  side  from  which  the 
pure  pollen  comes,  and  by  a  repetition  of  such  fertilization  the  hybrid 
characters  are  lost  in  a  few  generations. 

It  is  an  interesting  fact  that  the  ovules  of  hybrids  are  sometimes  more 
freely  fertilized  by  pollen  of  a  strange  but  pure  species,  than  by  their 
own  :  thus  the  hybrid  Nicotiana  paniculato-rustica,  which  usually  did  not 
ripen  more  than  13  good  seeds  in  a  capsule,  produced  with  the  pollen  of 
N.  paniculata  36,  with  N.  rustica  20,  and  with  the  pollen  of  N.  Langs- 
dorfii  (a  totally  new  element  in  the  crossing)  16.  In  another  experiment, 
when  this  hybrid  produced  no  seeds  by  self-fertilization,  10  good  seeds 
resulted  from  crossing  with  N.  Lanysdorfii. 

880.  A  curious  phenomenon  has  been  observed  in  the  garden 
plant  called  Cytisus  Adami,  obtained  either  by  grafting  or  true 
hybridation  of  the  two  kinds  of  Laburnum,  Cytisus  Laburnum  and 
0.  purpureus.  The  plants  have  in  many  instances  exhibited  a  partial 
separation  or  dissolution  of  the  hybrid  characters  in  the  products  of 
different  leaf-buds  :  on  the  same  tree  in  which  part  of  the  branches 
bore  blossom  of  the  hybrid  character,  other  shoots  occurred,  some  of 
which  had  reverted  to  the  character  of  Cytisus  Laburnum,  others  to 
that  of  C.  purpureus,  the  other  parent.  In  some  of  the  shoots, 
moreover,unequally  combined  characters  of  the  parents  were  observed 
in  different  flowers  of  the  same  raceme. 

In  some  cases  it  has  been  found  that  the  reverted  or  pure  shoots  bore 
perfect  seeds,  while  the  hvbrid  blossoms  were  barren.         _  .... 

Cytisus  Adami  has  generally  been  supposed  to  he  an  ordinary  hybrid  : 
but  'it  has  recently  been  stated  that  it  originates  when  C.  purpurauto 
grafted  on  Cytisus  Laburnum,  offering  thus  au  instance  of  affection  of  the 
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stock  by  the  scion  analogous  to  that  of  the  variegated  Jasmine  and  Abutilon 
referred  to  above  (§  813).  If  this  prove  true,  it  will  be  a  most  important 
physiological  fact,  opening  a  very  interesting  held  for  experiment,  likely 
to  lead  to  practical  results  of  high  value  in  the  cultivation  of  fruit-trees. 
Certain  sports  of  Eoses  have  also  been  explained  by  graft-hybridization; 
but  these  cases  require  strict  scrutiny  before  they  can  be  absolutely  stated 
to  result  from  grafting. 

Germination. 

881.  Seeds  placed  under  favourable  circumstances  germinate. 
They  are  capable  of  doing  so  even  before  they  are  fully  ripe. 

The  conditions  favouring  germination  are  the  presence  of  mode- 
rate heat,  moisture,  and  oxygen  gas.  Water  is  absorbed;  and 
substances  contained  in  the  seed  are  oxidized,  with  the  evolution  of 
carbonic  acid,  and  sometimes  of  carbonic  oxide  and  ammonia ;  and 
the  starchy  substances  laid  up  in  the  cells  become  converted  into 
soluble  sugar  and  ready  to  supply  the  material  for  development. 
During  this  process  much  heat  is  evolved  (see  §  885). 

Many  seeds  germinate  very  quickly  when  placed  in  favourable  condi- 
tions, especially  those  of  Cruciferse,  Grasses,  many  Leguminosse,  Cucur- 
bitacea?,  &c. ;  but  the  period  varies,  and  is  greatly  affected  by  the  degree 
of  heat  to  which  they  are  subjected,  the  depth  of  sowing,  which,  on  the 
one  hand,  provides  against  desiccation,  and,  on  the  other,  removes  the 
seed  further  from  the  influence  of  the  oxygen  of  the  atmosphere. 

Seeds  with  a  hard  pericarp  or  endocarp  (§§  243,  244)  enclosing  the  seed, 
such  as  those  of  Rosa.  Oratcegus,  Almond,  or  with  a  hard  testa  (§  296), 
Pceonia  &C,  often  remain  in  the  ground  a  year  before  they  sprout,  unless 
previously  soaked  in  warm  water.  Every  kind  of  seed  germinates  more 
freely  at  one  temperature  than  at  another.  Seeds  are  very  variable  in 
this  respect. 

Chemical  changes  are  observed  in  the  germination  of  the  spores  of 
Cryptogamia :  in  the  resting  condition  they  contain  oil  and  albuminous 
matters,  which  are  decomposed  before  germination  and  resolved  into 
chlorophyll,  dextrine,  &c. 

■ 

882.  The  result  of  germination  is  the  appearance  of  the  organs  of 
vegetation — and  first  of  all  of  the  root  or  radicle,  which  is  to  serve  as 
the  organ  of  absorption  for  the  new  plant.  This  almost  universally 
turns  downwai-d,  in  whatever  position  the  seed  may  lie,  and  pene- 
trates the  soil  (see  §  706). 
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CHAPTER  VI. 

MISCELLANEOUS  PHENOMENA. 
Sect.  1.  Evolution  of  Heat  by  Plants. 

883.  In  examining  the  cases  falling  into  this  section,  it  is  im- 
portant to  separate  them  into  £wo  classes  : — (1)  those  relating  to  the 
proper  or  specific  heat  of  plants  generally;  and  (2)  those  more  remark- 
able instances  of  elevation  of  temperature  occurring  at  certain  periods 
of  development  in  particular  plants. 

884.  It  being  a  well-ascertained  fact  that  the  chemical  combina- 
tion or  separation  of  various  elements  found  in  plants  is  accompanied 
by  increase  or  diminution  of  sensible  heat,  and  that  the  process  of 
evaporation,  constantly  going  on  in  dry  weather  in  healthy  plants, 
is  a  cause  of  depression  of  temperature  as  the  substance  from  the 
liquid  passes  off  in  the  form  of  vapour,  it  is  evident  that  the  proper 
temperature  of  plants,  and  their  organs  and  tissues,  must  vary 
greatly  according  to  the  circumstances  in  which  they  are  placed. 
Yet,  as  the  evaporation,  and  the  fixation  of  carbon  in  a  solid  form 
from  gaseous  material — both  "  cooling  processes" — are  such,  prepon- 
derating operations  in  the  nutritive  and  assimilative  processes  of 
vegetation,  it  seems  scarcely  possible,  under  ordinary  circumstances, 
that  plants  should  have  a  specific  heat  rising  above  that  of  the  sur- 
rounding atmosphere. 

885.  The  germination  of  seeds,  in  which  carbonic  acid  is  ahun- 

• 

The  different  power  of  conducting  heat  possessed  by  the  several  tissues, 
and,  in  the  case  of  the  woody  tissues,  the  difference  in  the  conducting- 
power  according  to  the  varying  directions  of  the  fibres,  together  with  the 
disturbances  arising  from  the  unlike  conductivity  of  the  fluids  and  solid 
matters  constituting  in  the  cell-contents,  render  it  very  difficult  to  arrive 
at  any  general  conclusions  as  to  the  specific  heat  of  plants. 

From  Dutrochet's  experiments,  made  with  a  thermo-electric  apparatus, 
it  would  appear  that  the  specific  heat  of  all  parts  of  plants  in  their  ordinary 
condition  is  rather  lower  than  the  temperature  of  the  surrounding  atmo- 
sphere. In  cases,  however,  where  evaporation  was  prevented  by  placing 
plants  in  an  atmosphere  saturated  with  moisture,  the  temperature  some- 
times rose  from  -fa  to  |  per  cent,  above  that  of  the  atmosphere.  More- 
over a  rise  and  a  tail  took  place  in  the  course  of  twenty-four  hours,  the 
maximum  occurring  between  ten  and  two  in  the  day,  the  minimum  at 
midnight.  It  was  further  observed  that  the  specific  heat  was  only  dis- 
coverable in  the  soft  or  green  parts,  not  in  the  woody  structures. 

The  experiments,  however,  which  have  been  made  to  determine  these 
points  are  by  no  means  conclusive.  It  seems  probable  that  the  increased 
heat  observed  in  the  structures  of  plants  when  evaporation  is  restrained 
depends  upon  the  slow  combustion  of  carbon,  which  is  enabled  to  manifest 
itself  when  the  cooling  influence  of  evaporation  is  removed. 
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dantly  evolved,  is  constantly  accompanied  by  a  rise  of  temperature, 
which  is  satisfactorily  accounted  for  on  chemical  principles  ;  and  the 
"heating"  of  heaps  of  germinating  seeds  is  the  more  marked  m  con- 
sequence of  the  "  fermentation  "  (or  decomposition  through  contact- 
action,  §  741)  by  which  it  is  always  accompanied. 

SS(!.  The  most  remarkable  instances  of  evolution  of  heat  are  those 
which  occur  during  the  flowering  of  plants.  This  rise  of  tempera- 
ture appears  to  take  place  in  all  cases ;  but  it  is  most  strikingly 
displayed,  of  cotrrse,  in  plants  which  have  a  crowded  inflorescence, 
and  above  all  when  this  is  surrounded  by  a  structure  confining  the 
liberated  heat,  as  in  the  spathes  of  the  Aracese,  on  which  many  ob- 
servations have  been  made. 

Arum  maculatum,  A.  italicum,  A.  Dracuneirtus,  Richardia  csthiopica,  Colo- 
casia  odora,  &c,  the  male  inflorescence  of  Cycas  circinalis,  the  large  solitary 
newel's  of  Cactus  grandiflorus,  Bignonia  radicam,  Victoria  regia,  &c.  are 
among  the  recorded  plants  in  which  the  rise  of  temperature  has  been 
observed. 

The  greatest  evolution  of  heat,  after  the  opening  of  the  spathe 
of  Aracece,  is  at  the  part  where  the  male  flowers  are  situated :  after 
the  pollen  has  been  discharged,  the  upper  parts  of  the  spadix  grow 
warmer,  and  the  lower  parts  cool  gradually  upwards. 

Experiments  made  to  ascertain  the  cause  of  this  heat  lead  to  the 
conclusion  that  it  is  attributable  to  a  process  of  combustion.  Saussure 
found  that  the  flowering  spadix  of  Arum  maculatum  abundantly  ab- 
sorbed oxygen ;  and  Yrolik  and  DeVriese,  comparing  the  temperatures 
attained  by  a  spadix  placed  in  oxygen  gas  and  by  one  placed  in  common 
air,  found  that  the  former  always  exceeded  the  latter,  while  a  spadix 
kept  for  a  longer  time  in  nitrogen  gas  did  not  manifest  any  increased 
temperature. 

887.  Connected  with  the  subject  of  the  temperature  of  plants  are 
the  interesting  observations  of  Alph.  De  Candolle  on  the  different  ex- 
ternal temperatures  required  by  different  plants  to  stimulate  them 
into  either  vegetative  or  reproductive  activity.  It  is  well  known 
that  any  given  plant  will  require  a  certain  sum  of  heat  during  a 
season  to  enable  it  to  go  through  its  whole  course  of  development, 
and  that  under  certain  limits  the  course  of  development  will  be  passed 
through  proportionately  more  quickly  in  warmer  climates.  Further, 
it  is  known  that  most  plants  of  warm  climates  are  killed  by  certain 
degrees  of  cold.  But  it  is  further  observed  that  certain  temperatures, 
insufficient  to  injure  plants,  are  at  the  same  time  insufficient  to 
"  start "  them  into  growth,  and  that  different  species  of  plants  have 
different  constitutions  in  this  respect;  while,  on  the  other  hand 
excessive  temperatures  may  render  plants  barren  by  over-stimulatin°- 
vegetative  action,  as  is  observed  in  the  Vine  in  the  tropics,  and 
commonly  also  in  badly  managed  exotics  in  our  hothouses. 
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Sect.  2.  Luminosity. 

888.  In  most  botanical  works  wo  find  noticed  the  observation  of 
the  daughter  of  Linnaeus,  that  she  perceived  a  peculiar  flashing  lumi- 
nosity of  the  flowers  of  Tropceolum  majus  on  a  hot  summer's  night — 
together  with  a  statement  that  the  same  appearance  has  been  ob- 
served in  the  orange  Lilies,  Sunflower,  Marigolds,  &c.  The  fact 
that  all  physiologists,  from  Saussure  downward,  who  have  sought  to 
repeat  these  observations,  have  failed,  and  that  the  appearance  is 
always  assigned  to  orange  or  red  flowers,  leads  to  the  belief  that  the 
statements  are  founded  on  error,  arising  from  the  peculiar  effect  of 
these  tints  upon  the  eye.  The  influence  upon  the  eye  of  the  brilliant 
orange  and  crimson  flowers  of  some  of  the  Ehododendrons  and 
Azaleas  now  grown  in  our  gardens  is  very  similar  to  that  of  looking 
upon  a  luminous  body.  The  asserted  luminosity  of  flowers  is  cer- 
tainly at  present  a  very  questionable  matter. 

889.  On  better  authority,  namely  of  Humboldt,  Nees  von  Esen- 
beck,  Unger,  and  others,  rests  the  fact  that  the  thallus  of  some  Fungi 
is  luminous  in  the  dark.  The  imperfect  thalloid  structure  described 
as  Bhizomorpha  subterranea,  occasionally  met  with  in  mines,  exhibits 
upon  its  ramified  structure  points  which  possess  an  irregular  phos- 
phorescence, sometimes  rising  to  such  a  degree  of  luminosity  as  to 
enable  surrounding  objects  to  be  distinguished.  According  to  Unger's 
observations,  the  light  is  not  emitted  from  decaying  matter,  but  from 
a  peculiar  superficial  layer  of  cellular  tissue. 

Phosphorescence  has  been  observed  in  other  mycelia,  and  it  is  also 
exhibited  in  the  perfect  Fungus  of  Agaricus  olearius  and  other  species. 

Rotting  wood  is  well  known  to  be  often  phosphorescent ;  and  some 
authors  state  that  this  does  not  depend  upon  the  presence  of  Fungi ;  but, 
seeing  the  proved  occurrence  of  phosphorescence  in  the  mycelium  of 
Fungi,  it  is  most  probable  that  the  luminosity  is  attributable  to  them, 
especially  as  it  is  removed  irrecoverably  by  drying  up  the  damp  rotten 
wood. 

890.  The  statement  that  the  Moss  Schistostcga  osmundacca,  which 
grows  on  the  roofs  of  caves,  is  phosphorescent,  has  been  declared  by 
Milde  to  be  erroneous.  We  could  detect  no  trace  of  it  in  observations 
made  some  years  ago,  and  we  agree  with  Milde  in  attributing  the 
appearance  to  the  glistening  caused  by  the  reflections  and  refractions 
of  light  on  the  wet  surface  of  the  cellular  leaves. 

According  to  Martius,  the  milky  juice  of  Euphorbia  phosphorca 
becomes  luminous  when  removed  from  the  plants  and  heated  gently. 

Sect.  3.  Movements  of  Plants. 

891.  The  absence  of  the  phenomena  of  motion  was  formerly 
imagined  to  constitute  one  of  the  distinguishing  characters  of  plants 
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as  contrasted  with  animals ;  but,  in  fact,  members  of  the  Vegetable 
Kingdom  not  only  exhibit  partial  movements  of  their  internal  or 
external  structures,  but  in  some  cases  the  entire  organism  has  the 
power  of  locomotion. 

The  movements,  however,  of  different  plants  are  dependent  upon 
very  diverse  causes,  some  of  them  being  entirely  mechanical,  and  due 
to  physical  affections  of  the  tissues  by  the  conditions  of  the  surround- 
ing atmosphere,  and  to  alternate  conditions  of  turgescence  and 
exhaustion ;  others  are  mechanical  in  appearance,  but  excited  by 
causes  which  simple  physical  laws  will  not  explain ;  while  a  third 
kind  depend  upon  the  contractile  quality  of  the  protoplasmic  sub- 
stances, which  gives  rise  to  automatic  movements  comparable  to  those 
of  the  lower  animals  and  to  the  ciliary  motion  found  in  particular 
tissues  of  the  highest  animals. 

892.  To  the  first  of  these  classes  belong  such  phenomena  as  the 
bursting  of  seed-vessels,  anthers,  &c,  attributable  to  the  hygroscopic 
conditions  of  the  tissues,  which,  possessing  unequal  power  of  imbi- 
bition and  unequal  elasticity,  are  torn  apart  or  curved  in  various 
ways  by  unequal  contractions  and  expansions,  caused  by  access  or 
abstraction  of  moisture.  These  are  cases  of  what  is  called  in 
common  language  "  warping,"  and  can  scarcely  be  regarded  as  vital 
phenomena,  being  definite  modes  of  destruction  of  dead  structures, 
resulting  from  special  structural  conditions. 

893.  The  second  class  of  movements  are  those  exhibited  periodi- 
cally, or  under  special  stimulus,  by  the  external  organs  of  plants, 
such  as  the  "  sleeping  "  and  "  waking  "  of  leaves  and  flowers,  and  the 
movements  of  the  Sensitive  Plants,  &c.  To  these  may  perhaps  be 
added  the  less  striking,  but  not  less  enigmatical,  movements  which 
cause  the  twining  condition  of  stems  &c. 

894.  The  movements  of  the  third  class  are  those  already  adverted 
to  in  former  sections,  where  the  protoplasmic  matter  of  cell-contents, 
or  free  bodies,  such  as  zoospores,  spermatozoids  (§  737),  or  even 
perfect  individuals,  such  as  Desmidiece,  OsciUatoriacese  (p.  439),  ex- 
hibit temporary  or  permanent  power  of  locomotion. 

The  rotation  of  the  protoplasmic  cell-contents  (§  736)  doubtless  de- 
pends upon  (imperfectly  understood)  causes  similar  to  those  which 
render  many  of  the  simpler  plants  locomotive  ;  and  the  movements 
exhibit  the  closest  resemblance  to  those  of  some  of  the  Protozoa  in 
the  Animal  Kingdom — in  particular,  of  Amozha  and  its  allies.  The 
locomotion  of  free  products  of  the  cell-contents,  such  as  zoospores  and 
spermatozoids,  is  generally  immediately  resultant  from  the  movement 
of  cilia  existing  upon  their  surface  ;  and  the  same  statement  applies 
to  the  locomotion  of  the  "  cell-families,"  which  form  the  represen- 
tatives of  species  in  the  Volvocineae  (p.  440).  The  locomotion  of 
the  Oscillatoriaeea3  and  Diatomaceas  (p.  439),  however,  does  not 
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appear  to  be  effected  through  the  agency  of  cilia;  at  all  events 
no  such  structure  can  be  detected  with  our  present  means  of  ob- 
servation. 

The  ciliary  motion  of  the  unicellular  plants  and  reproductive  bodies  is, 
although  inexplicable,  a  more  general  phenomenon  of  life  than  the  move- 
ment of  the  Diatomacea3  &c.,  where  these  organs  are  not  detected.  Some 
authors  incline  to  regard  the  motion  of  Diatomaceae  as  dependent  upon 
osmotic  currents,  resulting  from  the  interchange  of  matter  between  the 
cell-contents  and  the  surrounding  water. 

895.  Movements  of  various  kinds,  more  or  less  mechanical  in 
appearance,  take  place  in  the  higher  plants  through  the  power  of 
imbibition  and  the  elasticity  of  their  tissues ;  these  movements  are 
generally  immediately  produced  by  stimuli  of  various  kinds  disturbing 
the  equilibrium  in  the  tissues. 

Great  difference  in  the  power  of  imbibition  exists  in  different  kinds  of 
cellular  tissue — collenchyniatous  tissue  (§  619),  for  example,  swelling  out 
when  wetted,  and  contracting  when  dried,  far  more  than  woody  structures. 
Experiments  have  shown  that  the  degrees  of  expansion  and  contraction 
vary  in  different  plants  and  tissues  of  plants  in  a  range  from  tbVo  to  5 
the  diameter  of  the  cells.  In  cases  of  great  contraction  a  wrinkling  of 
the  cell-membrane  is  generally  involved. 

All  living  cell-membranes  possess  a  certain  degree  of  elasticity ;  and 
consequently  a  certain  amount  of  difference  of  dimensions  is  dependent 
upon  the  degree  of  tension  or  turgescence  of  the  cell  from  the  presence  of 
fluid  contents.  Cells  in  which  osmotic  processes  are  going  on  are  con- 
stantly in  a  state  of  greater  or  less  tension. 

The  expansion  of  cellular  tissue  through  turgescence,  permitted  by  the 
elasticity  of  the  membranes,  appears  to  have  a  much  smaller  range  than 
the  expansion  by  simple  imbibition.  The  experiments  of  Unger  and  of 
Brucke  give  a  range  of  to 

896.  It  is  evident  that  the  elasticity  of  parenchymatous  tissues 
must  be  capable  of  exerting  influence  on  the  position,  form,  and 
direction  of  the  organs  of  which  they  form  part.  Supposing  a  tissue 
to  be  uniformly  developed,  its  expansion  through  turgescence  need 
not  alter  the  general  form,  nor  the  relative  position  of  the  parts ;  but 
if  unequal  endosmose  take  place  in  different  parts,  causing  distur- 
bance of  the  equilibrium  of  turgescence,  curvature  and  distortion 
must  ensue.  Again,  if  an  organ  is  composed  of  regions  in  which  the 
tissues  differ  in  degree  of  elasticity,  it  may  suffer  a  disturbance 
of  the  equilibrium  of  turgescence  still  more  readily ;  and  this  is  pro- 
bably the  cause  of  most  of  the  automatic  movements  of  organs  of 

plants.  , 

897.  The  equilibrium  maybe  disturbed  by  various  stimuli,  mecha- 
nical and  chemical.  When  an  organ  is  strikingly  affected  by  mecha- 
nical influences,  we  have  the  phenomenon  of  "  irritability,"  such  as 
we  see  in  the  Sensitive  Plants,  Dioncea,  &c.    The  "  sleep"  of  plants 
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is  doubtless  a  phenomenon  differing  only  in  degree;  and  this  slower 
movement  is  probably  attributable  to  the  chemical  action  of 
light. 

898.  The  movements  of  plants  consist  for  the  most  part  of  the 
curvature  or  the  folding-up  of  organs;  and  in  such  cases  the  organs 
are  always  found  to  possess  certain  peculiarities  of  structure  and 
mode  of  union  to  other  organs. 

The  movements  take  place  periodically  (in  consequence  of  the 
regular  alternations  of  external  influences),  or  irregularly  (from  the 
accidental  influence  of  special  stimuli). 

899.  Periodical  movements  are  more  particularly  connected  with 
the  influence  of  heat  and  light ;  and  their  degree  is  generally  more 
or  less  proportionate  to  the  intensity  of  these  influences. 

The  most  common  kind  of  movement  is  that  in  which  expanded 
leaves  or  floral  envelopes  return  to  the  position  which  they  originally 
occupied,  or  close  up  into  the  same  folds  which  they  exhibited  in  the 
buds. 

Compound  leaves,  like  those  of  Leguminosas  for  instance,  display  a 
simple  or  compound  movement;  in  the  Bean  (Faba  vulgaris)  the  leaves 
fold  upwards,  in  Lupinus  downwards,  in  Tamarindus  to  the  side.  In 
Amorpha  fruticusa  and  Gleditschia  iriacanthos  the  rachis  or  common 
petiole  of  the  compound  leaves  rises  or  sinks,  while  the  leaflets  turn  down- 
wards or  to  the  side.  In  Mimosa  pudica  the  leaflets  fold  together,  the 
partial  petioles  approach  each  other,  and  the  rachis  or  main  petiole  sinks 
down. 

900.  When  such  movements  of  leaves  or  foliaceous  organs  occur 
at  particular  hours,  and  the  structures  remain  in  the  new  position 
until  the  recurrence  of  a  particular  period,  the  closing  up  is  called 
the  sleep  of  plants,  which  is  observed  both  in  green  leaves  and  in  the 
petals  of  flowers. 

The  epoch  at  which  the  movements  take  place  is  very  varied. 
Ordinarily,  leaves  expand  in  the  daylight  and  close  towards  even- 
ing, while  flowers  exhibit  a  great  diversity  of  habit  in  this  respect; — 
so  much  so,  indeed,  that  Linnjeus  was  enabled  to  draw  up  a  list  of 
flowers,  fancifully  termed  a  "floral  clock"  (horologium  Florae),  in 
which  a  periodical  movement  (opening  or  closing)  marked  each  suc- 
ceeding hour. 

Ipomoea  Ml  and  Calystegia  septum  open  their  flowers  at  3-4  a.m.  ;  Tra- 
gopogon  at  3-4  a.m.,  closing  again  before  noon ;  the  Nymphcece,  Nuphar 
Lactuca,  &c,  about  6  a.m.  ;  Anagallis  arvensis,  8  a.m.  (closing  again  when 
the  skyis  overcast) ;  Ornithogalum  umbellatum,  11  a.m.  ;  Mesembryanthacese 
generally  about  12  ;  Silene  noctiflora,  (Enothera  biennis,  Mirabilis  Jalapa, 
SC.,  6-7*P.H.j  Cereus  grandifiorus  kc,  Datura,  Mesembryanthemum  noc- 
tiflorum,  &c.,  7-8  p.m.  ;  Victoria  regia  opens  for  the  first  time  about  6pm 
and  closes  m  a  few  hours,  then  opens  again  at  G  a.m.  the  next  dav  re  ' 
maimng  open  until  the  afternoon,  when  it  closes  and  sinks  below  the 
water. 
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Somo  closing  flowers  may  be  caused  to  'open  by  exposure  to  strong  arti- 
ficial light  (Croats,  Gentiana  vurna);  on  others  (Convolvulus)  this  lias 
no  effect. 

901.  In  most  of  the  periodical  movements  the  motion  is  very 
slow ;  but  certain  exceptions  to  this  exist.    Thus  in  the  leaves  of 
Desmodium  gyrans  and  other  species,  the  labellum  of  Megadinium 
falcatum,  the  styles  of  Stylidium  adnatum,  and  others,  the  move- 
ment is  quick  enough  to  be  directly  perceptible. 

In  Desmodium  gyrans  (the  Telegraph-plant)  the  trifoliolate  compound 
leaf  has  a  large  terminal  leaflet,  and  a  smaller  one  on  each  side.  When 
this  plant  is  exposed  to  bright  sunlight,  in  a  hothouse,  the  end  leaflet 
stands  horizontally,  and  it  falls  downward  in  the  evening ;  but  the  lateral 
leaflets  move  constantly  during  the  heat  of  the  day,  advancing  edge  first 
towards  the  end  leaflet,  and  then  retreating  and  moving  towards  the  base 
of  the  common  petiole,  alternately  on  each  side,  in  a  manner  very  well 
compared  to  the  movements  of  the  arms  of  the  old  semaphore  telegraphs. 
In  Megadinium  falcatum  (Orchidacese),  when  exposed  to  sufficient  heat, 
the  labellum  rises  and  falls  slowly  in  periods  of  several  minutes;  this 
structure  is  also  irritable,  and  moves  more  quickly,  with  an  oscillatory 
motion,  when  touched. 

902.  Irregular  or  irritable  movements  take  place  in  a  great  variety 
of  plants,  of  which  the  following  paragraph  contains  the  most 
striking  examples  : — 

Leaves :  The  "  Sensitive  Plants  "  (Mimosa  pudica,  sensitiva,  casta,  and 
many  other  species) ;  JEschynomene  sensitiva,  indica,pumila ;  Smithia  sensi- 
tiva- Desmanthus  stolonifer,  triquetris,  lacustris;  Oxalis  sensitiva,  and,  in  less 
degree,  Oxalis  stricta,  Acetosel/a,  corniculata,  Deppei,  &c, ;  JRobinia  Pseudo- 
acacia  folds  its  leaves  when  violently  shaken  in  the  morning;  lastly, 
Dioncea  muscipula,  the  Venus's  Fly-trap. 

In  the  case  of  the  sensitive  plant  (Mimosa  pudica)  there  is  a  swelling 
at  the  base  of  the  petiole,  the  cells  of  which  constitute,  as  it  were,  two 
spr'ngs  acting  in  contrary  directions,  so  that,  if  the  one  from  any  cause  be 
paralyzed,  the  other  pushes  the  leaf  in  the  direction  of  least  resistance. 
These  springs,  if  they  may  be  so  called,  are  set  in  action  by  the  rush  of 
fluid  creating  a  turgid  state  of  the  one  set  of  cells  and  an  empty  state  of 
the  other.  What  circumstances  regulate  the  turgescence  are  only  im- 
perfectly known.  The  spontaneous  slow  movement  which  occurs  at 
stated  periods  (movements  of  sleeping  and  waking)  is  different  from  the 
sudden  motion  caused  by  external  stimuli.  Ether  paralyzes  the  latter, 
but  has  no  effect  on  the  spontaneous  movements.  There  is  no  special 
contractile  tissue  in  these  plants.  _  .  . 

Stamens— curving  towards  or  away  from  the  stigma  and  dehiscing  when 
touched  :  Berbcris  vulgaris  and  other  species,  Parictaria  judatca,  Spar- 
mannia  africana,  Cercw  grand iflorus,  HeUanthemvm  rulgare  aijd  other 
species,  and  various  plants  of  the  tribe  Cynarece  (§  443).  Other  curious 
movements  of  the  stamens  and  pistils,  and  also  of  the  staminodes,  are 
alluded  to  under  the  head  of  Fertilization  (§  8G9). 

Style  :  Goldfnssia  anisophylla,  Martynia,  Mtmulus  Leunsu,  &c. 
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903.  The  peculiar  movements  of  the  pollen-masses  of  Orchids  have 
already  been  alluded  to  (p.  383).  Another  illustration  from  Orchis 
pyramidalis  may  here  he  given.  In  this  plant  the  two  caudicles  of 
the  pollen-masses  are  connected  together  by  a  saddle-shaped  disk, 
the  pollen-masses  when  in  the  anther  being  nearly  vertical  in  direc- 
tion and  parallel  one  to  the  other.  "When  removed  from  the  anther 
by  the  proboscis  of  an  insect  or  the  point  of  a  needle  (fig.  559,  a)  the 
saddle-like  disk  contracts  so  as  to  attach  the  pollen-mass  to  the 
needle  &c.  Then  occurs,  first  a  divergence  of  the  two  pollen-masses 
one  from  the  other,  and  subsequently  a  depression,  so  that  they 
assume  a  nearly  horizontal  direction  (fig.  559,  b ).  In  this  position 
they  are  so  placed  as  to  come  into  contact  with  the  V-like  stigma  of 
another  flower  and  thus  effect  cross-fertilization. 


Fig.  559. 


a  b 

Orchis pyramidalis:  a,  pollen-masseB  just  removed  from  the  anther,  vertical ; 
£>,  pollen-masses  divergent  and  horizontal. 


904.  Those  movements  of  young  stems  and  appendicular  organs 
by  which  they  coil  spirally  round  bodies  supporting  them  are 
attributed  by  some  authors  to  a  kind  of  Lrritabiliiy,  the  stimulus  of 
the  contact  with  the  supporting  body  causing  the  growing  stem  to 
curve  itself  over  continually,  producing  ultimately  a  coiled  condition. 
The  direction  of  the  turns  of  the  coil,  right  or  left,  depends  upon 
special  tendencies  of  the  particular  plants,  some  (Hop)  turning  to  the 
right  hand,  others  (Convolvulus)  to  the  left  (the  observer  supposing 
himself  to  stand  in  the  axis  of  the  spiral). 

905.  This  explanation  of  the  coiling  of  stems  is  not  very  satis- 
factory, nor  are  those  which  are  offered  of  the  curvature  of  the 
growing-points  of  plants  and  the  upper  faces  of  leaves  towards 
the  light.  If  a  leafy  shoot  of  any  plant  is  bent  down,  without  injury, 
so  as  to  reverse  the  usual  position  of  the  faces  of  the  leaves,  the 
latter  will  twist  upon  their  petioles  and  turn  their  upper  faces  to 
the  light.  Shoots  of  slender-stemmed,  'quick-growing  plants,  such 
as  the  Jasmine,  Ampelopsis,  &c,  when  trained  into  a  dark  recess, 
turn  their  growing-point  backwards  in  a  sharp  curve,  and  grow 
towards  the  light,  the  leaves  on  the  older  part  of  the  stem  also  twist- 
ing round  to  face  the  light.  The  influence  of  lateral  light  is  di- 
stinctly seen  in  plants  grown  in  rooms,  in  front  of  windows ;  while 
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the  "  drawn-up  "  condition  of  closely  planted  trees  is  an  equally  evi- 
dent result  of  preponderating  top-light. 

The  phenomena  of  the  movements  of  climbing  plants,  including  the 
spontaneous  revolving  movement  of  tendrils  &c.,  and  that  dependent 
on  contact,  have  been  studied  in  detail  by  Mr.  Darwin,  who  has 
shown  that  organs  of  the  most  diverse  morphological  character  may 
nevertheless  exhibit  the  same  phenomena.  The  movement  of  de- 
pression in  the  branches  of  trees  in  frosty  weather  has  been  investi- 
gated with  great  minuteness  by  Professor  Caspary ;  but  the  inducing 
causes  of  the  movements  are  at  present  imperfectly  known. 

It  appears,  from  the  evidence  at  present  existing,  that  the  blue  and 
violet  rays  are  the  most  efficient  in  causing  the  growth  of  stems  &c.  towards 
the  light.  It  is  certain  that  the  result  is  not  produced  by  any  attraction 
comparable  to  magnetic  action,  but  by  influence  on  the  development  or 
turgescence  of  the  tissues,  since  experiment  has  shown  that  seedling 
plants  freely  suspended  or  floating  in  water  are  not  mechanically  moved 
towards  light  admitted  to  them  from  a  particular  point  in  a  dark 
chamber. 
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PAET  IV. 

GEOGKAPHICAL  AND  GEOLOGICAL 

BOTANY. 


CHAPTER  I. 
GENERAL  CONSIDERATIONS. 

906.  The  object  of  this  department  of  Botany  is  to  determine  the 
laws  which  rule  over  the  Distribution  of  Plants  in  Time  and  Space. 
This  abstract  study  is  founded  upon  the  facts  furnished  by  Botanical 
Geography  and  Geology,  or  the  description  of  the  present  and  past 
conditions  of  the  Vegetable  inhabitants  of  the  globe,  and,  in  return, 
supplies  those  branches  of  practical  inquiry  with  principles  by  means 
of  which  they  may  be  systematized. 

Botanical  Geography,  which  undertakes  the  description  of  the  pecu- 
liarities of  the  vegetation  occurring  at  present  upon  the  earth's  surface, 
and  Botanical  Geology,  which  pursues  the  investigation  of  the  conditions 
of  vegetation  which  have  successively  existed  in  different  Geological 
epochs,  deal  with  facts  so  far  distinct  in  their  character  that  it  is  most 
convenient  to  treat  of  them  separately ;  but  the  principles  are  common 
to  both,  and  may  he  taken  as  one  subject. 

Explanations  of  the  facts  which  are  obtained  by  geological  inquiries 
can  only  he  securely  founded,  either  directly  or  indirectly,  upon  laws  de- 
rived from  facts  furnished  by  experience  of  existing  phenomena ;  hence 
the  principles  laid  down  in  the  present  chapter  are  for  the  most  part 
only  actually  valid  in  relation  to  existing  conditions,  and,  the  subject  yet 
being  in  its  infancy,  are  mostly  only  speculatively  applied  to  the  elucida- 
tion of  geological  phenomena. 

Sect.  1.  Influence  of  External  Agents  upon  Vegetation. 

Climate. 

907.  Plants  are  endowed  with  means  of  diffusing  themselves,  more 
or  less  efficiently  in  different  cases,  over  the  surface  of  the  globe  ;  but 
in  most  cases  their  existence  is  limited  to  certain  regions  or  countries. 
Geographical  obstacles  prevent  their  spreading  indefinitely :  some 
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subject  to  bo  ovorcomo  by  accidental  influences,  such  as  seas  inter- 
vening between  countries,  and  the  like  ;  others  which  can  neither  be 
conquered  nor  evaded,  such  as  climate,  which  fixes  unalterable  limits 
to  the  stations  which  can  be  permanently  occupied  by  species. 

908.  That  Cold  and  Heat,  Damp  and  Drought,  intensity  and  du- 
ration of  Light,  the  chief  constituents  of  what  we  call  Climate,  are 
the  most  important  of  the  external  influences  acting  upon  plants,  is 
a  fact  manifest  not  merely  from  the  conclusions  at  which  we  have 
arrived  in  the  study  of  Vegetable  Physiology,  but  one  which  is  re- 
vealed by  the  most  slender  experience  of  horticulture  and  the  most 
superficial  acquaintance  with  physical  geography. 

The  nature  of  the  soil  doubtless  has  also  much  influence  on  the 
distribution  of  plants,  dependent  less,  probably,  on  its  chemical  com- 
position than  on  its  mechanical  constitution  and  hygrometric  state. 

909.  Every  species  of  plant  flourishes  best  within  a  certain  range 
of  temperature,  beyond  which,  on  both  sides,  it  either  suffers  from 
summer  heat  or  is  killed  by  winter  cold. 

910.  If  the  earth's  surface  were  of  uniform  character,  we  might 
expect  to  find  forms  of  vegetation  arranged  in  bands  or  zones  suc- 
ceeding each  other  from  the  equator  toward  the  poles,  each  occupied 
by  plants  "  hardier"  than  those  of  its  equatorial  neighbour.  Such 
zones  of  vegetation  have  in  fact  been  laid  down  by  botanical  geo- 
graphers. Meyen  drew  up  a  plan,  in  which  a  number  of  zones 
were  marked  down,  defined  on  each  side  by  lines  passing  round  the 
earth  at  certain  parallels  of  latitude,  between  which  a  certain  average 
climate  was  assumed  to  exist. 

But,  from  the  want  of  uniformity  of  the  surface  of  the  globe,  the 
isothermal  lines,  i.  e.  lines  passing  through  spots  which  have  an  equal 
annual  temperature,  by  no  means  correspond  to  parallels  of  latitude — 
the  distribution  of  land  and  sea,  and  the  alternation  of  plains  and 
mountains,  deflecting  such  lines  to  the  north  and  south,  sometimes 
to  a  very  great  extent.  In  addition  to  this,  from  the  diversity  of 
habit  of  plants,  they  are  differently  affected  by  heat  and  cold,  and 
the  distribution  of  species  is  far  more  influenced  by  the  summer  and 
winter  temperature  than  by  the  entire  amount  of  heat  received 
during  the  year. 

Nevertheless,  as  a  general  rule,  plants  have  a  polar  and  an  equa- 
torial limit,  fixed  by  temperature. 

Temperature  as  regards  plants  may  be  divided  into  useful,  useless,  and 
injurious  or  destructive.  Each  plant  requires  a  certain  sum  of  heat  to 
live,  so  much  more  to  flower,  more  still  to  ripen  its  fruit  ,  &c.  Within  cer- 
tain limits  it  is  immaterial  whether  the  plant  get  this  heat  in  a  short  period 
or  diffused  over  a  longer  time.  Temperatures  below  32°  F.  are  useless  to 
most  plants  (that  is  to  say,  vegetative  action  is  arrested) ;  but  many  sur- 
vive at  a  much  lower  temperature.    Every  plant  has  a  zero  of  its  own. 
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911.  An  important  qualification  arises  from  the  existence  of  high 
mountains  within  temperate  and  tropical  latitudes.  The  tempera- 
ture of  the  soil  and  atmosphere  diminishes  with  the  degree  of  ele- 
vation above  the  surface  of  the  ocean  ;  and  a  succession  of  limits  are 
found  upon  the  sides  of  high  mountains  comparable,  and  in  a  great 
degree  proportional,  to  the  polar  and  equatorial  limits  of  plants. 
Mountains  situated  in  the  tropics  possess  zones  of  climate  which, 
at  successive  elevations,  resemble  horizontal  zones  situated  between 
the  base  of  the  mountains  and  the  poles. 

912.  Moisture  and  drought  are  only  to  be  called  secondary  climatal 
influences,  from  the  circumstance  that  they  depend  in  a  great  mea- 
sure upon  temperature,  either  directly  or  indirectly.  In  the  Arctic 
regions  and  upon  mountain-tops,  covered  with  eternal  snow,  there  is 
drought  from  the  solidification  of  the  water.  In  temperate  and  tro- 
pical regions  the  degree  of  humidity  is  dependent  not  merely  upon 
temperature,  but  upon  this  combined  with  the  configuration  of  the 
surface  of  the  earth  and  the  nature  of  the  soils.  Wherever  the  tem- 
perature of  the  atmosphere  is  above  the  freezing-point  of  water,  it 
takes  up  aqueous  vapour :  even  ice  evaporates  in  warm  air ;  and 
water  evaporates  in  proportion  to  the  temperature  to  which  it  is 
exposed. 

The  ocean,  especially  in  warm  latitudes,  gives  up  vast  quantities 
of  aqueous  vapour  to  the  atmosphere,  which  it  delivers  in  very 
various  ways  to  the  land  regions.  Islands  and  coasts  in  general 
have  a  moist  climate,  while  the  interior  of  continents  is  dry ;  but 
these  rules  are  interfered  with  by  currents  or  prevailing  winds, 
carrying  air  loaded  with  moisture  in  particular  directions.  As  an 
example  of  this,  we  find  the  west  coast  of  Europe  with  a  much 
damper  climate  than  the  opposite  east  coast  of  America,  owing  to 
the  Gulf-stream  and  the  winds  bringing  the  moisture  of  the  West- 
Indian  Sea  in  a  north-west  current  on  to  our  coast.  On  the  con- 
trary, the  prevailing  winds  blow  off  the  west  coast  of  North  Africa, 
and  those  received  on  the  north-east  side  come  from  over  dry  land, 
whence  a  vast  tract  of  land  lying  in  this  continent  becomes  an  arid 
desert. 

There  is  a  great  difference  also  between  mountainous  and  'flat 
countries.  The  cold  upper  regions  of  tropical  mountains  arrest  the 
prevailing  currents  of  air  and  precipitate  the  moisture  which  they 
contain.  Hence  the  tracts  at  the  foot  of  mountains  are  well  supplied 
with  moisture  if  the  altitude  is  sufficient,  as  at  the  south  slope  of 
the  Himalayas  and  the  east  slope  of  the  Andes.  .Etna,  which  does 
not  reach  the  line  of  perpetual  snow  in  Europe,  has  arid  and  barren 
slopes  in  the  upper  regions. 

Those  very  general  indications  of  climatal  influence  must  suffice  here 
to  show  how  importantly  vegetation  is  affected  by  physical  influences. 
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A  complete  account  of  this  branch  of  the  subject  would  require  a  volume 
for  itself. 

913.  Of  all  the  influences  to  which  plants  are  exposed,  climate  is 
the  most  important ;  it  sets  absolute  limits  to  species,  which  is  not 
the  case  with  any  other  of  the  causes  affecting  distribution. 

Secondary  Natural  Influences. 

914.  There  is  no  donbt  that  the  distribution  of  plants  is  greatly 
affected  by  the  conveyance  of  seeds,  fruits,  &c.  from  place  to  place 
within  the  same  climatal  region,  by  marine  currents,  rivers,  winds, 
&c,  and  by  animals,  especially  birds. 

An  example  of  diffusion  by  marine  currents  is  furnished  by  the  occur- 
rence of  the  Cocoa-nut  Palm  fringing  the  islands  of  the  Pacific ;  and  it  is 
probable  that  the  mixed  vegetation  of  many  islands  is  to  be  accounted 
for  in  part  by  such  causes.  Marine  currents  are  of  most  importance  when 
they  pass  along  coasts,  or  across  tracts  of  ocean  in  similar  latitudes — such 
as  that  part  of  the  Gulf-stream  running  in  the  Mexican  Gulf,  the  cur- 
rents running  from  Madeira  to  the  Canaries,  from  the  last  to  Senegal, 
the  east-to-west  current  of  the  Society  Islands,  &c.  Rivers  will  also  be 
most  influential  when  they  flow  from  the  east  or  west.  Currents  of  any 
kind  passing  northwards  or  southwards  are  less  likely  to  convey  seeds 
&c.  into  a  suitable  climate  for  their  naturalization. 

The  winds  do  not  appear  to  be  very  influential  in  transporting  Phane- 
rogamous plants ;  but  the  cosmopolitan  distribution  of  the  Cryptogamia 
is  at  least  partially  attributable  to  the  facility  with  which  their  micro- 
scopic spores  are  carried  away  by  currents  of  air. 

Icebergs  probably  have  some  share  in  diffusing  plants,  since  they  are 
often  found  loaded  with  masses  of  earth  containing  seeds,  which  they 
occasionally  cast  upon  strange  shores.  There  is  reason  to  believe  that 
this  kind  of  influence  was  far  more  actively  at  work  in  North  Europe  in 
the  geological  period  preceding  the  present. 

The  transport  by  animals  takes  place  partly  through  migrating  birds, 
partly  by  quadrupeds  which  have  wandering  habits.  Among  birds,  many 
of  the  omnivorous  kinds  (for  instance  the  Thrushes)  migrate  from  north 
to  south  in  autumn,  at  the  time  when  berries  and  similar  fruits  are  ripe, 
and  they  often  void  the  seeds  of  these  fruits  little  altered.  Animals 
which,  like  the  northern  Reindeers  and  the  Buffaloes  &c.  of  other  lands, 
travel  from  place  to  place  in  troops  in  search  of  food,  doubtless  often 
carry  seeds  and  fruits  adhering  to  their  fur  into  new  localities.  Flocks  of 
animals  transported  through  human  agency  become  more  fruitful  sources 
of  this  influence. 

915.  Animals  may  likewise  greatly  affect  vegetation  in  the  way 
.of  limitation.  The  invasion  of  a  region  by  flocks  of  graminivorous 
quadrupeds,  the  sudden  appearance  of  plagues  of  locusts  or  any 
other  of  the  numerous  insect  enemies  of  vegetable  life,  may  quite 
change  the  character  of  the  vegetation  of  a  district,  somewhat  in  the 
manner  in  which  a  totally  different  assemblage  of  plants  springs  up 
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on  the  ground  cleared  by  burning  the  primaeval  forests  of  South 
America. 

Effects  of  Human  Interference. 

916.  The  results  of  the  activity  of  man  display  themselves  in  both 
extensions  and  limitations  of  the  distribution  of  species. 

From  the  time  of  the  earliest  migrations  of  the  human  race,  cer- 
tain plants  must  have  been  in  a  condition  of  constantly  increasing 
diffusion.  The  native  countries  of  our  Cereal  grains  are  not  satis- 
factorily known :  they  have  been  or  are  cultivated  wherever  they 
will  grow  in  Europe  and  the  adjoining  parts  of  the  other  continents. 
Doubtless  many  of  what  we  call  weeds  have  shared  in  the  transport 
of  the  seeds  of  useful  plants,  having  been  either  mixed  with  them  or 
accidentally  adherent  to  the  clothes,  goods,  or  domesticated  animals 
of  the  wandering  races. 

Transport  of  this  kind  would  be  still  more  active  as  agriculture 
extended ;  and  wars,  the  improvement  of  navigation,  the  discovery  of 
the  New  World,  and  countless  minor  events  contributed  to  increase 
the  interchange  of  the  natural  products  of  different  regions,  either 
intentionally  or  by  accident. 

Systematic  cultivation  of  land  is  peculiarly  favourable  to  the  in- 
termixture of  new  elements  in  the  floras  of  particular  regions,  from 
the  fact  that  seeds  of  many  varieties  of  useful  plants  are  constantly 
imported  from  climates  where  they  ripen  better  or  can  be  kept  more 
easily  at  a  higher  standard  of  excellence. 

Olover-seed,  for  instance,  is  largely  imported  into  Britain  from  France 
and  Germany  ;  many  of  the  weeds  of  our  arable  lands  have  doubtless  been 
introduced  with  foreign  seed,  such  as  Adonis  autumnalis,  Veronica  Bux- 
baumii,  Papaver  sommferum,  &c.  Ballast-heaps  at  sea-ports,  where  vessels 
returning  home  from  foreign  countries  discharge  their  ballast,  have  be- 
come frequent  sources  of  new  importations;  and  merchandise,  such  as 
cotton,  but  especially  seeds,  fruits,  dye-stuffs,  &c,  often  contains  seeds  of 
plants,  some  of  which  now  and  then  acquire  a  footing. 

Horticulture  is  so  evidently  one  of  the  most  important  inOuences  in 
the  diffusion  of  plants,  that  it  is  scarcely  requisite  to  dwell  upon  it. 

918.  On  the  other  hand,  human  industry  has  a  great  tendency 
to  exterminate  particular  forms  of  vegetation,  or,  at  least,  to  greatly 
affect  their  relative  predominance  in  a  given  region.  The  destruction 
of  forests  for  the  purpose  of  clearing  land  for  cultivation  changes 
the  whole  face  of  vegetation,  and  even,  to  some  extent,  affects  the 
local  climate. 

Instances  of  change  of  this  kind  might  he  furnished  from  almost  every 
part  of  the  globe.  North  Europe  was  clothed  in  early  times  of  the  pre- 
sent period  with  dense  forests,  long  since  cleared  away  to  give  place  to 
cultivated  plants  and  a  multitude  of  wild  plants  suited  to  the  different 
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conditions  of  the  soil.  Tho  forests  of  North  America  are,  in  like  manner 
disappearing  by  degrees  under  the  hand  of  man. 

The  change  is  not  merely  one  kept  up  by  a  continual  effort  of  cultiva- 
tion ;  the  original  vegetation  does  not  always  reestablish  itself  when  the 
region  is  deserted.    New  kinds  of  plants  spread  over  the  cleared  ground 
and  new  animal  inhabitants  come  to  check  the  efforts  of  the  old  forests  to 
renew  themselves. 

Sect.  2.  Influence  of  the  Laws  of  Development  of  Plants. 

919.  If  we  leave  out  of  view  the  question  of  the  origin  or  creation 
of  plants,  there  is  no  reason  why  any  given  species  should  not  exist 
in  all  places  where  the  climate  is  suitable. 

Some  kinds  of  plants  are,  indeed,  very  widely  spread  over  the  surface  of 
the  globe.  Dr.  Hooker  has  enumerated  upwards  of  30  species  of  Flower- 
ing plants  common  to  Northern  Europe  and  the  Antarctic  regions.  A 
considerable  number  of  North-European  species  extend  round  the  globe 
in  northern  latitudes,  in  the  colder  parts  of  North  America  and  Asia. 
Not  a  few  of  our  plants  occur  also  on  the  Himalayan  Mountains.  Epi- 
lobium  tetragonum,  a  British  species,  is  found  in  Canada  and  in  Tierra  del 
Fuego.  Our  white  Hedge-Convolvulus,  with  some  other  British  plants, 
occurs  in  the  Galapagos  Islands.  Many  of  the  Falkland-Island  plants 
are  met  with  also  in  Iceland.  Plantago  maritima,  a  common  sea-side  plant 
with  us,  is  found  at  the  Cape  of  Good  Hope  and  at  the  southern  extremity 
of  America. 

920.  Instances,  however,  of  such  cosmopolitan  plants  are  excep- 
tions to  the  rule,  and  the  majority  of  the  plants  occurring  over  wide 
extents  of  the  globe  present  characters  which  facilitate  their  dif- 
fusion by  natural  or  artificial  influences. 

The  plants  (Phauerogamia)  occupying  even  one-third  of  the  earth's  sur- 
face are  but  a  small  fraction  of  kno  wn  plants.  Many  of  these  are  aquatic  or 
subaquatic  plants ;  and  a  considerable  number  belong  to  the  list  of  weeds 
which  accompany  man,  growing  in  cultivated  land  or  rubbish  &c. ;  few 
or  no  woody  plants  occur  in  the  lists  hitherto  published. 

921.  It  is  observable  that  those  cosmopolitan  species  which  occur 
widely  spread  over  two  continents  are  found  also  in  the  adjacent 
islands. 

The  arctic  plants  occurring  in  the  continents  of  the  Old  and  New 
World  are  found  also  in  tbe  Faroes,  Iceland,  and  the  Aleutian  Islands. 

922.  On  the  other  hand,  certain  plants  occur  only  within  very 
narrow  limits  ;  this  is  the  case  with  many  continental  species,  but 
more  particularly  with  insular  plants. 

St  Helena,  Kerguelen's  Island,  Tristan  d'Acunha,  Madeira,  &c.  have,  or 
once  had,  peculiar  species  ;  the  archipelagos  of  the  Canaries  and  the  Gala- 
pagos have  species  peculiar  even  to  particular  islands;  California,  the 
Cape  of  Good  Hope,  certain  regions  of  the  Andes,  &c.  possess  species 
strictly  limited  to  those  regions. 

923.  The  floras  of  many  islands  which  possess  peculiar  species 
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include,  besides,  a  greater  number  of  species  common  to  the  islands 
and  tbe  nearest  continents,  or  other  islands,  or  both. 

Of  672  species  of  Phanerogarnia  and  Ferns  occurring  in  Madeira,  85 
only  are  peculiar,  and  480  occur  also  in  Europe.  The  Azores  have  280 
out  of  425  in  common  with  Madeira.  The  Canaries  and  Madeira  have 
312  species  in  common,  Madeira  and  Gibraltar  170  in  common.  Great 
Britain  has  no  species  of  Flowering  plant  peculiar  to  it :  some  of  its 
plants  are  common  in  Central  Europe,  others  in  Western  Europe  ;  others, 
ao-ain,  extend  through  the  Faroes,  Iceland,  North  Europe,  and  North 
Asia  and  America. 

924.  Generally  speaking,  the  species  of  plants  of  a  continent  are 
found  most  abundantly  over  a  particular  more  or  less  extensive  tract, 
growing  scarcer,  more  or  less  suddenly,  at  the  margins  of  this  space. 
Such  a  space,  called  tbe  area  of  distribution  of  tbe  species,  in  these 
cases  exhibits  a  centre  or  point  of  greatest  intensity  of  occurrence. 

925.  The  areas  of  many  plants  extend  not  only  over  continents, 
but  over  detached  islands,  and  even  to  other  continents.  In  many 
instances  species  are  spread  interruptedly  over  their  area,  as  is  tbe 
case  with  the  alpine  plants  common  to  Norway,  Scotland,  and  tbe 
Alps,  &c. 

926.  It  is  usual  to  find  the  maximum  of  a  species  in  one  country, 
forming  a  single  centre ;  and  this  same  species  does  not  recur  again 
with  a  centre  in  a  distant  spot  with  a  similar  climate  and  soil.  But 
representative  species  of  the  same  genus  occur  not  unfrequently  under 
such  circumstances;  and  this  is  still  more  the  case  with  genera  of 
particular  Orders,  sometimes  also  with  Orders  of  like  habit. 

Thus,  the  Violets  of  Europe  and  those  of  North  America  are  distinct ; 
the  dwarf  Palm,  Chamcerops  humilis,  of  Europe,  is  represented  by  C. 
Palmetto  in  North  America.  The  Heaths  {Erica)  of  Europe  are  repre- 
sented by  different  species  at  the  Cape  of  Good  Hope.  The  East  and 
West  Indies  and  Africa  have  their  peculiar  Palmaceae,  Zingiberaceae, 
Marantacese,  &c.  The  succulent  Cactacese  of  Central  America  represent 
the  fleshy  Euphorbiacese,  Asclepiadaceas,  and  Mesembryanthaceae  of 
Africa.  The  Cape  Heaths  are  represented  in  Australia  by  Epacridaceae, 
associated  in  like  manner  with  Myrtaceae  and  Proteaceas.  The  Firs  of 
the  southern  hemisphere  belong  to  genera  distinct  from  those  of  the 
northern  hemisphere,  &c. 

927.  The  evident  absence  of  a  constant  relation  between  tbe 
existence  of  certain  climatal  conditions,  and  the  occurrence  of  par- 
ticular species  of  plants — still  more,  the  existence  of  limited  areas 
of  distribution,  often  exhibiting  centres  of  greatest  abundance — have 
led  to  the  supposition  that  the  individual  species  of  plants  have  been 
created  at  particular  centres,  whence  they  have  spread  themselves 
over  more  or  less  extensive  tracts,  in  the  course  of  their  extension 
becoming  intermixed  with  other  species,  and  thus  producing  complex 
assemblages. 

2  F 
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The  spreading  of  what  are  called  social  plants,  such  as  pasture-Grasses, 
Furze,  various  forest-trees,  &c,  illustrates  the  facility  with  which  many 
plants  extend  themselves  over  new  ground.  The  Anacharis,  a  North- 
American  water-plant,  has  heen  diffused  all  over  England  within  the  last 
ten  years.  The  diffusion  of  certain  plants  is  also  greatly  dependent  on 
the  success  of  some  plants  over  others  in  the  struggle  for  existence  which 
is  ever  going  on  in  nature.  It  does  not  follow  that  the  wild  plants  in  any 
given  area  are  those  which  are  best  adapted  for  that  situation.  They  are 
often  the  weakest,  and  are  overpowered  by  other  plants.  In  this  way 
native  vegetation  constantly  gets  exterminated  by  foreign  intruders. 

928.  In  this  hypothesis,  it  is  unimportant  whether  we  imagine  a 
single  plant  (or  pair  of  dioecious  plants)  or  a  more  or  less  extensive 
assemblage  of  individuals  to  have  been  created  on  the  same  spot. 
This  is  a  question  impossible  to  be  solved  by  science. 

Some  authors  believe  that  species  have  been  created  at  many  points 
where  the  conditions  were  fitting,  explaining  in  this  way  the  interrupted 
areas  of  certain  plants. 

929.  The  facts  revealed  by  Geology,  as  well  as  by  Botany  itself, 
tend  to  prove  that  the  creation  of  species  has  been  not  simultaneous, 
but  successive,  in  different  geological  periods.  Not  only  do  we  find 
fossil  plants  different  from  living  vegetation  in  the  older  formations, 
but  those  beds  immediately  preceding  the  present  surface  of  the 
earth  contain  not  only  remains  of  animals  of  existing  species,  but 
fossil  plants  closely  resembling,  if  not  identical  with,  existing  plants. 

930.  Numerous  cases  of  scattered  distribution  of  existing  vege- 
tation cannot  be  explained  by  reference  to  existing  influences,  such 
as  transport  &c.  (§§  914, 916).  Thus  species  with  large  seeds  grow 
in  countries  between  which  exist  apparently  insuperable  obstructions 
to  transport ;  many  species  are  common  solely  to  the  tops  of  very 
distant  mountains ;  many  widely  distributed  aquatic  plants  produce 
seeds  which  sink  to  the  bottom  of  the  water  when  ripe,  &c. 

Again,  species  are  wanting  in  regions  so  well  adapted  to  their 
existence  that,  when  artificially  introduced,  they  establish  themselves 
like  natives.  Certain  countries,  separated  by  broad  oceans,  have 
more  species  in  common  than  either  the  distance  or  nature  of  their 
climate  would  render  probable  under  ordinary  circumstances  ;  while 
contiguous  countries,  with  similar  climates,  sometimes  present  very 
different  species. 

Some  countries  are  remarkable  for  a  great  number  of  species  m  a 
given  area,  others  for  paucity  of  species. 

Lastly,  species  of  simple  structure  (Rushes,  Grasses,  &c.)  have  often 
wide  range,  even  though  their  seeds  are  not  more  easy  of  transport 
than  usual,  while  others  of  higher  organization,  with  seeds  or  fruits 
easily  transported  (Conipositoe  &0.)j  often  occur  in  very  limited 

areas.  ,,  „  , 

931.  To  sum  up  these  statements,  the  occurrence  of  each  species, 
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as  a  general  rule,  in  one  region  rather  than  another,  their  abundance 
in  particular  localities,  the  extension  and  especially  the  disjunction 
of  species  destitute  of  efficient  means  of  transport,  the  non-exten- 
sion, on  the  contrary,  of  species  possessing  seeds  easy  of  transport, 
certain  analogies  and  certain  differences  between  the  floras  of  several 
countries,  and  their  relative  richness  in  distinct  forms — all  these 
important  phenomena  are  inexplicable  by  causes  now  in  active 
operation  :  and  we  are  consequently  led  to  seek  their  solution  by 
the  aid  of  geological  inquiries. 

Edward  Forbes  was  the  first  to  open  this  line  of  inquiry,  in  a  most 
acute  and  ingenious  Essay  on  the  Origin  of  the  existing  Flora  of  Britain. 
Dr.  Hooker  has  pursued  the  same  line  of  reasoning  in  his  inquiries  into 
the  botanical  geography  of  the  southern  hemisphere. 

Sect.  3.  Geological  Influences. 

932.  Natural  Science  is  incapable  of  elucidating  the  actual  origin 
or  creation  of  organic  beings ;  but  it  seeks  to  trace  up,  as  nearly  as 
possible,  to  the  earliest  periods  the  phenomena  exhibited  by  created 
things  or  beings ;  and  the  botanist  seeks,  by  geographical  and  geolo- 
gical inquiries,  to  discover  the  probable  aboriginal  localities  of  species 
of  plants. 

It  is  impossible  to  say  in  what  part  of  the  globe  plants  first  appeared. 
Probably  they  grew  on  lands  now  submerged  beueath  the  ocean,  or,  still 
more  likely,  they  were  perishable  aquatic  plants  which  have  left  no  trace 
of  their  existence.  Geology  teaches  that  the  dry  land  of  the  globe  has 
been  successively  elevated  and  depressed  below  the  surface  of  the  sea  at 
various  epochs  since  plants  were  first  created ;  hence  there  have  existed 
successive  and  variable  centres  of  creation.  There  may  have  existed 
means  of  commimication  between  different  centres,  so  that  species  may 
have  passed  over  from  one  to  another,  and  in  this  way  survived  in  a  new 
locality  the  destruction  of  then-  birthplace. 

933.  Species  have  made  their  appearance  successively  during 
different  geological  epochs,  and  have  had  more  or  less  extended 
duration. 

Probably  most  of  our  existing  species  date  from  an  epoch  anterior 
to  that  at  which  the  existing  continents  acquired  their  present  con- 
figuration. 

They  may  have  spread  widely  in  ancient  times,  and  their  area 
may  have  been  broken  up  subsequently  by  obstacles  now  insur- 
mountable. They  may  have  been  transported  in  past  ages  by  causes 
not  now  in  operation. 

Thus  the  disjunction  of  certain  alpine  and  arctic  species,  that  of  aquatic 
or  marsh-plants  in  distant  countries,  that  of  large-seeded  plants  in  islands 
and  more  or  less  distant  continents,  may  be  explained  by  their  antiquity 
or  former  wide  diffusion,  as  well  as  by  supposing  creation  at  various 
points. 

2  F  2 
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934.  Tho  species  at  present  confined  within  small  areas,  in  spite 
of  means  of  transport  or  continuity  of  land  and  suitable  climate, 
would  appear  to  be  those  of  most  recent  creation  ;  that  is,  they  seem 
to  have  originated  since  the  existing  continents  were  formed.  Widely 
spread  species  which  are  difficult  of  transport  are  probably  the  most 
ancient. 

935.  In  the  comparison  of  successive  geological  formations,  it  ap- 
pears that  the  earliest  plants  were  chiefly  species  of  simple  organiza- 
tion and  few  in  number — and  that  by  degrees  more  highly  organized 
plants  were  added  and  replaced  many  of  the  earlier  ones,  which 
perished.  In  existing  vegetation  the  simpler  kinds  seem  to  be  the 
most  ancient,  aud  those  of  more  complex  structure  more  recent, 
judging  from  the  wider  diffusion  of  the  former  than  the  latter. 

Ligneous  plants  established  themselves  in  northern  and  temperate 
countries  at  an  epoch  when  the  climate  must  have  been  more  humid  aud 
more  cloudy  than  at  present.  At  the  present  time,  regions  in  the  South 
of  Europe,  North  Africa,  the  Canaries,  the  Southern  United  States,  and 
elsewhere,  once  cleared  and  exposed  to  the  influence  of  the  sun,  do  not 
become  clothed  again  by  forests  such  as  thay  possessed  formerly.  Coni- 
ferae  and  Amentaceous  plants,  which  form  the  chief  constituents  of  forests 
in  these  regions,  are  Phanerogamia  of  low  organization.  Their  probable 
antiquity,  judging  from  their  occurrence  in  masses  in  certain  countries, 
confirms  the  view  that  existing  species  are  of  unequal  antiquity,  and  that 
the  older  species  are  of  lower  type. 

936.  The  facts  of  existing  Botanical  Geography  are  in  general 
clear  and  concordant,  if  we  suppose  that  the  most  ancient  species 
of  Phanerogamia  are,  first  the  majority  of  plants  either  aquatic  or 
loving  moisture,  then  many  northern  and  alpine  plants  and  most 
of  the  trees  of  our  temperate  regions — and  if  we  suppose  at  the  same 
time  that  the  most  recent  species  occur  principally  among  the  plants 
of  warm  regions,  among  the  Dicotyledons  with  an  inferior  ovary  and 
a  monopetalous  corolla  (such  as  Compositae,  Dipsaceae,  Canipanulaecae 
&c.)  and  among  the  other  Phanerogamia  with  structure  complicated 
in  other  respects  (such  as  Orchidaceae,  Palmaceae,  Apocynaceae,  Ascle- 
piadaceae,  Cucurbitaceae,  Passifloraceae,  Begoniaceae,  &c). 

The  considerations  stated  in  this  Section  are  derived,  with  slight  modi- 
fications, from  the  '  Geographie  Botanique '  of  Alph.  De  Candolle,  a  most 
important  general  work  on  this  subject,  which  should  be  studied  by  all 
those  who  are  interested  in  these  questions. 
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CHAPTER  II. 

BOTANICAL  GEOGRAPHY. 

Sect.  1.  Distribution  of  Plants  in  Climatal  Zones  between  the 
Equator  and  the  Poles. 

937.  The  description  of  the  actual  conditions  of  vegetation  on  the 
surface  of  the  globe  is  a  subject  embracing  a  vast  amount  of  facts, 
which  are  not  only  capable  of  being  considered  under  many  different 
points  of  view,  but  in  many  respects  offer  at  present  only  fragmentary 
materials  for  establishing  principles.  In  the  present  work,  where 
only  a  limited  space  can  be  allotted  to  this  department,  it  is  necessary 
to  confine  ourselves  to  a  few  of  the  principal  generalizations,  calcu- 
lated to  give  an  insight  into  the  characters  of  the  study,  but  con- 
fessedly very  imperfect  as  representations  of  the  natural  phenomena 
with  which  it  deals. 

938.  In  the  preceding  Chapter  we  have  seen  that  climate  has  a 
most  important  influence  upon  vegetation ;  and  proceeding  on  this 
ground,  it  is  possible  to  divide  the  surface  into  climatal  zones,  within 
which  a  certain  average  character  of  vegetation  exists.  But  mere 
temperature  is  but  one  of  the  influences ;  and  it  is  evident  that  many 
diverse  conditions  must  exist  within  such  climatal  zones,  dependent 
upon  the  other  influences  above  referred  to  (§§  907-912).  Hence, 
although  the  general  views  afforded  by  marking  out  climatal  regions 
are  useful  to  the  beginner,  it  is  necessary  to  bear  in  mind  that  they 
are  essentially  superficial.  In  Meyen's  subdivision  of  the  globe,  the 
zones  were  defined  by  parallels  of  latitude ;  but  the  distribution  of 
temperature,  the  chief  agent  here  regarded,  is  so  irrelative  to  the 
parallels,  especially  in  the  northern  hemisphere, thatwe  have  modified 
them  by  isothermal  lines  obtained  from  Dove's  maps.  The  isotherms 
selected  are  mostly  annual  temperatures  ;  but  in  defining  the  Arctic 
regions  it  has  appeared  more  natural  to  take  the  line  indicating 
an  equal  temperature  in  the  months  of  September  and  July. 

939.  In  the  following  summary  the  names  of  Meyen's  zones  are 
retained ;  the  peculiar  limitation  by  isothermal  lines  is  indicated  for 
each  zone. 

1.  The  Equatorial  Zone. 

This  zone,  as  limited  by  us,  comprehends  but  a  comparatively  small 
range  in  the  New  World,  and  is  most  developed  in  the  Old,  especially  in 
Africa.  On  consulting  an  isothermal  map,  it  will  he  observed  also  that 
the  larger  portion  of  it  lies  on  the  north  side  of  the  equator,  since  the 
preponderance  of  land  in  the  northern  hemisphere  deflects  the  isothermal 
lines  in  this  direction.  The  boundaries  are  the  annual  isotherms  of 
79°-3  Fahr.  on  each  side  of  the  equator ;  but  it  may  be  noticed  that  in 
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Africa,  as  well  as  in  Hinclostan,  and  in  the  Indian  archipelago,  there 
exist  between  these  lines  circumscribed  regions  in  which  the  annual 
isotherms  rise  to  81°-5  Fahr. 

The  characteristics  of  this  zone  are  marked  by  the  extreme  luxuriance 
of  vegetation,  from  the  great  heat,  together  with  the  abundant  moisture. 
The  trunks  of  the  trees  attain  enormous  diameter  ;  the  flowers  have  most 
brilliant  colours  ;  and  not  only  is  the  earth  clothed  most  profusely  with 
numberless  forms  of  plants,  but  the  trees  are  overgrown  by  Orchids, 
Aroids,  Bromeliaceae,  and  Ferns,  and  matted  together  by  Lianes,  or 
gigantic  rope-like  woody  climbers ;  so  that  the  primceval  forests  present 
such  a  dense  mass  of  vegetation  as  to  be  almost  impenetrable,  even  to 
the  explorer  who  advances  axe  in  hand.  The  Palms,  the  Banana  tribe 
(Musaceas),  arborescent  Grasses,  Pandanus,  Scitaniineae,  and  Orchideae 
are  very  striking  features ;  the  Fig-trees  of  most  varied  kinds,  the  Silk- 
Cotton-trees  (Bombaceoe)  also  abound  both  in  the  Old  and  New  Worlds ; 
the  Cassalpinias,  Malpighiacese,  Anaeardise,  Swieteniae,  Anoneae,  Berthol- 
letise,  and  Lecythideae  especially  mark  the  forests  of  America ;  the  Sapin- 
daceas,  Caryotse,  Artocarpi,  Sterculiae,  Ebenacese,  Meliaceae,  Laurineae, 
&c.  those  of  the  Old  World.  In  this  zone  also,  in  the  Indian  archipe- 
lago, occurs  the  most  remarkable  of  the  Rhizanths,  the  gigantic  parasite 
Rqfflesia,  with  its  flowers  3  feet  in  diameter ;  while  in  America  this  is 
almost  rivalled  by  the  Victoria  Water-lily,  and  the  Aristolochias  with 
their  enormous  helmet-like  flowers — said,  indeed,  to  be  worn  in  sport  as 
caps  by  the  Indian  boys. 

Rich  as  the  vegetation  of  this  zone  is  in  general,  we  find  within  the 
limits  some  of  the  poorest  tracts  upon  the  globe — namely,  where  water  is 
wanting.  The  African  desert  and  a  portion  of  Arabia  are  the  most  striking 
examples ;  but  the  llanos  of  Venezuela  are  scarcely  less  parched  and  life- 
less during  the  dry  season,  and  in  the  rainy  season  present  only  grassy 
plains  like  the  steppes  of  Central  Asia.  The  poverty  of  these  tracts  is 
accounted  for  by  their  peculiar  position,  cutting  them  off  from  the  in- 
fluence of  moist  currents  of  air,  their  natural  waterless  condition  being  of 
course  dependent  on  the  geological  changes  which  gave  them  their  pre- 
sent configuration. 


2.  The  Tropical  Zones. 

These  extend,  in  the  north  and  south  hemispheres,  from  the  boundaries 
of  the  equatorial  zone,  at  the  isotherms  of  79°-3  Fahr.,  to  the  isotherms  of 
72°-5  Fahr.  Taken  altogether,  the  characteristics  of  these  zones,  as  might 
be  expected,  are  closely  allied  to  those  of  the  preceding.  Rio  de  Janeiro 
and  Canton  are  cited  by  Meyen  as  instances  of  this  resemblance  ;  Palms 
Bananas,  Canneue,  Meliaceae,  Anonese,  and  Sapindaceoe  prevail  (m  humid 
districts)  here,  and  Orchids,  Pothos-like  plants,  and  Ltanes  abound. 
The  Tree-Ferns,  the  Pepper-plants,  Melastomaceae,  and  Convolvulacere, 
however,  become  more  prominent  here,  and  serve  as  distinctive  charac- 
ters ;  and  it  is  stated  that,  in  these  zones,  the  forests  exhibit  fewer 
parasites  and  more  underwood.  That  portion  of  the  western  coast  ol 
South  America  lying  within  the  south  tropical  zone  forms  an  exception 
to  the  general  rule  of  luxuriance  of  vegetation,  as  does  the  inland  tract 
of  Africa  bordering  on  the  equatorial  zone. 
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3.  The  Subtropical  Zones. 

These  are  bounded  on  the  equatorial  side  by  the  annual  isotherm  of 
72°-o  Fahr.,  and  towards  the  poles  by  the  isotherms  of  G8°  Fahr.  The 
countries  lying  within  these  enjoy  the  most  delightful  climates  on  the 
globe.  Though  the  summer  heat  never  rises  to  the  intense  heat  of  the 
ton-id  zone,  it  suffices  to  ripen  most  of  the  tropical  fruits;  while  the 
winters  are  so  mild  that  vegetation  is  never  arrested.  Palms  and  Bananas 
are  still  met  with  in  the  plains,  and  arborescent  Grasses  form  a  feature  of 
the  landscape,  both  in  America  and  Asia ;  but  the  most  striking  character 
of  these  regions  is  formed  by  the  abundance  of  forest  trees  having  broad, 
leathery,  and  shining  leaves,  such  as  the  Magnolias  and  the  Lauracese, 
and  also  of  the  plants  of  the  Myrtle  tribe.  Proteacere,  Acacias,  and  Heaths 
attain  their  maximum  development. 

4.  The  Warmer  Temperate  Zones. 

Equatorial  boundaries,  the  annual  isotherms  of  68°  Fahr. ;  polar  boun- 
daries, the  isotherms  of  54°-5  Fahr.  The  general  characteristics  of  these 
zones  arise  from  the  combination  of  the  shining,  leathery-leaved  trees 
of  the  subtropical  zones  with  the  forest  trees  which  we  find  in  our  own 
country,  such  as  Oaks,  Beeches,  &c. ;  the  Palms  yanish ;  but  a  number  of 
handsome  evergreen  shrubs  present  themselves,  and  Heaths,  Cisti,  and 
showy  Leguminous  plants  are  veiy  abundant.  The  countries  lying  within 
these  zones  in  different  parts  of  the  globe  differ  a  good  deal  in  their  vege- 
tation, and  we  may  therefore  enter  into  rather  more  detail  here. 

In  the  Mediterranean  region  evergreen  dicotyledonous  trees  with  glossy 
leaves,  showy  shrubs,  and  many  bright-coloured  bulbous  plants  abound ; 
Erica  arborea,  the  Bay,  and  the  Myrtle  are  characteristic ;  the  Turkey, 
Holm,  and  Cork  Oaks,  the  Chestnut,  the  Strawberry-tree,  with  the  Cherry- 
Laurel,  Laurustinus,  and  Pomegranate  are  frequent,  as  are  also  the 
Phillyrese,  Rosemary,  Oleander,  &c. 

The  Vine  is  a  native  of  this  zone,  and  is  said  to  attain  a  diameter  of 
3  to  6  inches,  and  to  climb  to  the  top  of  the  highest  trees,  in  the  forests 
of  Mingrelia  and  Imeritia.  The  ban-en  tableland  of  Asia  falls  in  this 
zone,  as  does  Japan,  which  has  a  rich  vegetation.  In  America  are  found 
abundance  of  Oaks  and  Pines,  Magnoliacese  (such  as  the  Tulip-tree),  a 
number  of  Leguminous  trees,  with  thorny  Smilax-shrubs  and  gigantic 
Pteeds ;  the  Gleditschiae  on  the  banks  of  the  Ohio  are  evergreen,  with 
climbing  BignoniaJ ;  evergreen  trees  here  conespond  to  those  of  Southern 
Europe,  intermingled  in  the  forests  with  Oaks,  Beeches,  Ash,  and  Pla- 
tanus  occidentalis. 

In  the  southern  hemisphere  this  zone  includes  part  of  New  Zealand  and 
Australia,  where,  again,  evergreen  trees  are  intermixed  with  forest-trees 
with  deciduous  leaves ;  shrubby  Ferns  abound,  and  the  LeguniinosEe  and 
Myrtacese  are  well  represented. 

In  South  America,  the  Pampas-plains  of  Buenos  Ayres  fall  in  this  zone 
especially  characterized  by  arborescent  Grasses.  Southern  Chili  represents 
the  warm  temperate  vegetation  with  its  evergreen  forests  of  Myrtficere 
Beeches,  and  Araucarias ;  the  Fuchsia  is  also  characteristic  of  this  region 
The  Chilian  Palm,  like  the  dwarf  Palm  of  Southern  Europe  and"  the 
Palmetto  of  North  America,  forms  an  outlier  from  the  subtropical  re°ion 
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5.  The  Cooler  Temperate  Zones. 

Equatorial  boundaries,  the  annual  isotherms  of  540,5  Fahr. ;  polar 
boundaries,  the  isotherms  of  41°  Fahr.  The  especial  characteristics  of 
these  zones  are  the  forests  of  deciduous  trees  with  inconspicuous  blossoms, 
intermingled  with  social  Conifers,  together  with  the  Grass-pastures. 
Here  the  trunks  of  the  trees  are  overgrown  only  with  Mosses  and 
Lichens  ;  the  floneysuclde,  the  Ivy,  and  the  Hop  are  the  only  important 
climbers,  very  different  from  the  Lianes  of  the  tropics.  Shrubs  are  pretty 
frequent,  but  they  mostly  lose  their  leaves  in  winter,  such  as  lioses, 
Brambles,  Viburna,  &c.  The  social  Dwarf-grasses  on  good  soil,  with 
the  Sedges,  Cotton-grasses,  and  Mosses  of  wet  ground,  characterize  the 
plains,  and  extensive  heaths  prevail  in  some  districts.  The  contrast 
between  summer  and  winter  is  strongly  marked  in  the  aspect  of  vegetable 
life  :  the  trees  are  stripped  of  their  leaves,  the  herbs  die  down  to  dwarf 
tufts,  or  hide  themselves  altogether  in  the  ground,  and  the  snow  covers 
the  surface  of  the  plains  in  severe  weather ;  but  the  warmth  of  summer, 
which  brings  out  a  lively  and  varied  show  of  flowers,  is  sufficiently  high 
to  ripen  the  seeds  of  many,  and  thus  annuals  are  more  numerous  than 
they  are  further  north. 

This  zone  is  not  represented  in  Africa  or  in  the  South  Sea.  In  South 
America  it  includes  Patagonia. 

6.  The  Subarctic  Zone. 

Equatorial  boundary,  the  annual  isothermal  line  of  41°  Fahr. ;  polar 
boundary,  the  isotherm  of  36°-5  Fahr.  for  the  month  of  September.  The 
southern  boundary  of  this  zone  in  the  northern  hemisphere  corresponds 
pretty  nearly  to  the  limit  of  distribution  of  the  Oak  in  Em-ope  and  the 
east  coast  of  North  America,  the  northern  boundary  to  the  limit  of  the 
distribution  of  trees. 

The  striking  characteristic  of  this  zone  is,  indeed,  the  predominance  of 
the  Coniferous  trees  in  the  woods,  giving  place  northward  to  the  Birch 
and  Alder,  and  generally  alternating  with  Willows  where  the  soil  is 
moist.  Green  pastures  occur  universally,  especially  adorned  with  showy 
flowering  herbs  in  the  spring  and  summer. 


7.  The  Arctic  Zone. 

The  equatorial  boundary  is  the  isotherm  of  36°-5  Fahr.  for  the  month  of 
September,  or  the  polar  limit  of  arborescent  vegetation  in  the  northern 
hemisphere ;  the  polar  boundary  is  the  isotherm  of  41°  Fahr.  for  the 
month  of  July.  The  vegetation  of  this  zone  corresponds  to  what  we  un- 
derstand commonly  as  Alpine  shrubs,  consisting  chiefly  of  prostrate  shrubs, 
with  a  peculiar  tortuous  and  compact  habit  of  growth,  such  as  the  alpine 
Ehododendra,  Andromedre,  the  dwarf  Birch  and  Alder,  the  Bog-Myrtle 
and  dwarf  Willow,  with  a  variety  of  low-growinp  perennial  herbs  re- 
markable for  the  comparatively  large  size  ami  bright  colour  oi  their 
flowers.  Sedges  and  Cotton-grasses  occur  socially,  in  some  places  covering 
extensive  tracts;  but  the  grassy  pastures  of  the  last  zones  are  replaced 
to  a  great  extent  by  tracts  covered  with  Lichens. 
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8.  The  Polar  Zone. 
Equatorial  boundary,  the  isotherm  of  41°  Fahr.  for  the  month  of  July  j 
polar  limit,  the  isotherm  of  36° -5  Fahr.  for  the  same  month,  lhis  zone 
is  characterized  by  presenting,  in  the  four  to  six  weeks  of  summer,  an 
alpine  vegetation  devoid  of  even  shrubs,  and  consisting  of  herbaceous  per- 
ennials of  dwarf  habit,  such  as  Saxifrages,  Ranunculi,  Pyrolae,  Potentillae, 
Dryas,  Draba,  &c,  and  possessing,moreover,  certain  genera  (such  as  Parrya, 
Phippsia,and  others)  which,  although  they  extend  into  the  arctic  zone,  are 
not  met  with  in  the  alpine  regions  of  the  mountains  of  the  more  southern 
regions.  In  Spitzbergen,  the  number  of  Cryptogamic  plants  is  remarkable, 
the  Lichens  alone  equalling  the  Flowering  plants,  and  predominating 
even  in  mass  as  well  as  number  of  species. 

Sect.  2.  Regions  of  Altitude. 

940.  It  is  well  known  that  the  lofty  mountains  lying  within  the 
tropics  exhibit  a  graduated  variation  of  character  in  their  vegetation, 
and  that  those  which  rise  above  the  limit  of  eternal  snow  display 
more  or  less  distinctly  marked  regions,  representing  the  zones  lying 
between  the  plains  at  the  foot  of  such  mountains,  and  the  eternal  ice 
of  the  polar  zone. 

Humboldt  divided  the  surface  of  tropical  mountains  into  three  zones, 
representing  the  tropical,  temperate,  and  frigid  zones  of  the  globe, 
and  indicated  the  principal  subdivisions  of  these  regions.  Meyen 
attempted  to  lay  down  a  more  systematic  representation  of  the  con- 
ditions in  question,  corresponding  to  his  division  of  the  earth's  surface 
into  zones.  Great  difficulty  interposes  here  in  any  attempt  at  gene- 
ralization, since  local  conditions,  arising  from  aspect,  and  conformation 
of  surface,  either  giving  more  or  less  of  precipitous  character,  accom- 
panied by  sudden  changes,  or  producing  elevated  plains,  &c,  cause 
such  great  differences,  even  within  the  limits  of  single  mountain- 
systems,  that  no  absolute  rule  can  be  applied.  The  rules  laid  down 
by  Meyen  apply  pretty  well  to  his  zones  within  the  limits  of  Europe  ; 
but,  in  the  delineation  of  the  regions  of  altitude  of  greater  extent, 
great  variation  presents  itself  near  the  equator. 

941.  According  to  Mcyen's  views,  the  snow-line,  beginning  at 
the  polar  zone,  rises  between  1900  and  2000  feet  above  the  level  of 
the  sea,  and  in  the  equatorial  zone  to  15,500  or  16,600  feet;  and  he 
divides  the  regions  of  altitude  in  accordance  with  this,  raising  each 
region  between  1900  and  2000  feet  in  each  zone,  as  he  approaches 
the  equator.  Now  at  North  Cape,  which  lies  near  the  polar  limit  of 
our  subarctic  zone,  and  in  Iceland,  which  is  crossed  by  the  same  limit, 
the  line  of  perpetual  snow  is  at  about  2000  feet;  we  may  therefore 
take  this  as  the  snow-line  of  the  arctic  zone.  The  equatorial  limit  of 
the  subarctic  zone  falls  in  Southern  Norway,  where  the  snow-line  is 
at  about  4000  feet ;  while  the  equatorial  limit  of  our  cold  temperate 
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zone  is  not  far  removed  from  the  Alps  and  Pyrenees,  where  the  snow- 
line rises  to  8000  feet  and  more.  In  the  Bouth  of  Spain,  lying  within 
the  warm  temperate  region,  snow  lies  in  isolated  patches  below  11,000 
feet.  In  the  district  of  Sierra  Nevada,  which  is  one  of  the  best-known 
of  the  mountains  of  this  zone,  as  regards  vegetation,  there  is  a  sub- 
tropical region  up  to  600  feet,  the  true  warm  temperate  vegetation 
extends  up  to  about  4000  feet,  a  cold  temperate  vegetation  from 
about  4000  to  6500  ;  the  vegetation  then  passes  into  a  condition 
allied  to  the  subarctic,  but  without  trees,  and  characterized  by  shrubs 
of  a  similar  nature  to  those  of  the  arctic  zone.  This  region  extends 
to  8000  feet ;  and  thence  to  the  summits  of  11,000  feet  there  is 
an  alpine  summer  vegetation  (snow  lying  for  eight  months  out  of  the 
twelve),  which,  again,  is  intermediate  in  character  between  those  of 
the  arctic  and  polar,  consisting  chiefly  of  perennial  herbs  like  the 
latter,  but  presenting  a  formation  of  turfy  pasture  to  some  extent  in 
the  warm  season.    In  the  Caucasus  the  snow-line  is  much  higher. 

In  the  subtropical  zone,  on  the  Peak  of  Teneriffe,  we  find  the 
vegetation  of  the  warm  temperate  zone  from  about  2000  to  4000  feet, 
a  representation  of  the  cold  temperature  from  3000  to  over  6000  feet ; 
at  about  8000  feet  the  climate  is  subarctic.  This  mountain  does 
not  reach  the  snow-line. 

In  Mexico,  lying  in  our  tropical  zone,  the  lines  are  respectively 
shifted  up  in  about  the  same  ratio.  We  see  throughout,  then,  a 
deviation  from  Meyen's  ratio,  in  the  tendency  of  the  colder  zones  to 
widen  out  on  the  mountains  of  warmer  zones  ;  but  this  is  partly 
owing  to  our  dividing  the  zones  according  to  temperature,  and  not 
according  to  latitude. 

If  we  attempt  to  lay  down  the  conditions  of  the  mountains  of 
Asia  under  a  similar  point  of  view,  we  find  greater  deviations.  The 
mass  of  elevated  land  in  Central  Asia  modifies  all  the  climatal  con- 
ditions very  much.  The  snow-lines  of  the  mountains  of  the  cold- 
temperate  and  warm-temperate  zones  rise  to  14,000  feet ;  that  of  the 
Himalayas  to  18,000  feet  in  the  northern  parts.  Our  data  scarcely 
suffice  for  the  illustration  of  these  modified  conditions  and  therefore 
we  have  confined  ourselves  to  a  limited  number  of  the  best-explored 
mountain-regions  of  the  Old  and  New  Worlds,  in  the  tabular  view  of 
distribution  in  altitude  given  below. 

9  2.  We  now  give  a  brief  sketch  of  the  characteristics  of  the 
different  regions  of  altitude,  as  classified  by  Meyen  ;  and  to  this  is 
subjoined  Meyen's  hypothetical  table,  from  his  <  Geography  of  Plants.' 
To  show  how  far  this  diverges  from  the  actual  conditions,  we  subjoin 
Tables,  constructed  for  Johnston's  '  Physical  Atlas,'  showing  the  com- 
parative altitudes  of  the  characteristic  forms  of  vegetation  on  a 
number  of  mountains  where  they  have  been  carefully  observed.  The 
location  of  these  mountains  in  the  various  zones  is  in  accordance 


DISTRIBUTION  OF  PLANTS  IN  ALTITUDES. 


647 


with  our  isothermal  limitation,  and  not,  as  is  the  case  with  Meyen's 
limitation,  according  to  parallels  of  latitude.  The  elevations  arc  also 
merely  given  given  in  round  numbers. 

1.  Region  of  Palms  and  Bananas. 

Corresponding  to  the  equatorial  zone,  and  has  been  already  characterized 
under  that  head. 

2.  Region  of  Tree-Ferns  and  Figs. 

Corresponding  to  the  tropical  zone.  The  genus  Ficus  is  most  prevalent 
in  the  elevated  forests  of  the  equatorial  zone  of  the  East  Indies,  giving 
them  a  remarkable  character  of  gloomy  grandeur  and  impervious  density. 

3.  Region  of  Laurels  and  Myrtles. 
Con'esponding  to  the  subtropical  zone. 

4.  Region  of  Evergreen  Trees. 
Corresponding  to  the  warm  temperate  zone. 

5.  Region  of  Deciduous  Trees. 

Corresponding  to  the  cold  temperate  zone ;  but  this  region  seems  to  be 
absent  from  the  mountains  in  many  parts  of  the  tropical  and  equatorial 
zones,  since  the  tree-limit  is  carried  down  by  peculiarities  of  climate, 
which,  on  the  other  hand,  favour  the  advance  of  more  southern  forms  into 
the  upper  regions.  In  Java  and  Sumatra,  stunted  trees  of  the  class  be- 
longing here  replace  the  dwarf  Conifers  of  European  mountains,  and  form 
the  tree-limit  far  below  the  altitude  at  which  forests  of  tall  Conifers  occur 
in  the  more  northern  Himalayas, — a  condition  explained  in  some  degree 
by  the  local  circumstances  of  the  equatorial  mountains,  which  are  deficient 
of  the  supplies  of  moisture  furnished  by  the  vast  masses  of  snow  resting 
perpetually  upon  the  Himalayas. 

6.  Region  of  Conifers. 

Corresponding  to  the  subarctic  zone.  This  zone,  characterized  by  the 
growth  of  Pines  and  Firs,  is  well  represented  on  most  mountains,  with 
the  exception  of  the  Peruvian  Cordilleras,  where  the  Escalloniese  are  said 
to  be  suDstituted  for  them.  But  the  Conifers  do  not  always  form  the 
uppermost  belt  of  trees,  even  when  they  flourish  in  a  well-defined  region. 
Thus  the  region  of  the  Conifers,  in  a  general  sense,  which  reaches  to  the 
tree-limit  with  Pines  in  the  Alps,  Pyrenees,  and  the  Andes  of  Mexico, 
includes,  in  the  Scandinavian  mountains,  in  the  Himalayas,  and  the 
Caucasus,  a  region  of  Birches,  which  rise  out  of  it  to  form  the  last  repre- 
sentatives of  arboreal  vegetation. 

7.  Region  of  Alpine  Slirubs  or  of  Rhododendra. 

This  region  corresponds  to  the  arctic  zone.  In  the  Himalayas,  dwarf 
Willows,  Junipers,  and  species  of  Kibes  or  Currant  seem  to'  represent 
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the  vegetation  of  this  region ;  while  on  the  Andes  of  Quito  the  genus 
Befaria  appears  to  correspond  in  its  geographical  development  to  the 
Ehododendra  of  the  north. 

8.  Region  of  Alpine  Herbs. 

Corresponding  to  the  polar  zone,  usually  presenting  only  patches  of 
vegetation  scattered  over  a  broken  surface  of  ground,  covered  during  the 
greater  part  of  the  year  with  snow,  and  exhibiting  accumulations  in  all 
seasons  in  sheltered  spots.  Lichens  abound  here;  Lecidea  geograjiliica 
has  been  found  in  most  diverse  localities  where  bare  rock  rises  above  the 
ground,  forming  generally  the  last  trace  of  vegetation.  The  plants  of  this 
region  are  remarkable  in  many  respects,  in  none  more  than  the  beauty 
and  comparatively  large  size  that  usually  characterizes  their  flowers. 
They  are  mostly  of  perennial  growth,  since,  although  the  severe  cold  pre- 
vailing throughout  the  greater  part  of  the  year  is  unfavourable  to  the 
maturation  and  preservation  of  seeds,  the  thick  covering  of  snow  protects 
established  plants  from  the  severe  frost ;  and  it  is  known  that  they  are 
arrested  in  warmer  regions  where  winter  frosts  prevail  without  great 
accumulations  of  snow,  precisely  because  they  are  then  incapable  of  bearing 
the  cold,  to  which  they  are  directly  exposed. 
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Meyen's  Comparative  Exhibition  oe  the  Different  Zones, 
with  the  Corresponding  Eegions. 
The  elevations  and  temperatures  are  here  (liven  in  round  numbers. 
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Comparison  of  Regions  op  Altitude  with  Isothermal  Zones. 
The  figures  indicate  the  elevations  at  which  the  regions  commence. 


Zones   .  ( 

Equatorial 
Zone. 

Tropical  Zone. 

Subtropical 
Zone. 

Temperature  ) 
of  Zones    .  \ 

81°  5'  to  79°  3' 
Ann.  Mean. 

79°  3'  to  75°  5' 
Ann.  Mean. 

72°  5'  to  68° 
Ann.  Mean. 

Names  of  1 
Motintains  j 

Java  and 
Sumatra. 

Andes  of 
Mexico. 

Andes  of 
Peru. 

Tenerilfe. 

Himalayas. 

Snow-line  .  . 

None. 

15,500 

15,500 

None. 

15,000— 
18,000 

Alpine  Herbs. 

9,0000 

Tiola, 
I  Ranunculus, 

13,600 

Primulaceae, 
Ranuncula- 
oe83,  Rosa- 
ceaa,  &c. 
Berberis. 

10,400 

Papavera- 

cess, 
Crueiferas, 
Primulaceae, 
Sec. 

(Rhododendra,  &o.) 

Myrica, 
Erica. 

7,000 

Stevios. 
11,000 

Befariae. 
10,400 

9,000 

8aHx, 
Spirasa, 
Juniperus, 
Lonicera. 

14,000 

Limit  of  Trees. 

Conifers  and 
Birches. 

Podoearpus. 

Abies  reli- 
giosa,  &c. 
8,000 

Escalloniae. 
8,900 

Juniperus 
Oxyeedrus. 

6,000 
Spartium. 

Abies, 
Pinus. 

Deciduous 
Forest  Trees 

- 

QuercuB. 
6,000 

I 

Pinus 
canariensis. 
4,000 

Quercus. 
10,000 

(Oak  and  Beech). 

x  emon  uji  i  n 
aceae. 

1  6,000 

i 

Ardisia, 
Laurus. 

Magnolia, 
Castanea. 

Evergreen 
Forest  Trees. 

Melasto- 
ma,Yucca, 
Bambusa. 

- 

2,500 
Olea, 
Myrica. 

7,000 
Ardisia. 
6,000 

Cacti, 

1,200 
Arborescent 
Euphorbias, 
Dracasna, 

Ficus 
Syeamorus. 

JjcVLLL  clCccc  ctlxu 

Myrtaceae. 

Dipteraceae. 
4,000 

Jatropha, 
Charnaedo- 

J   1>pcp       lVTj1,l  — 

pighiaeeae, 
&c. 

Eugenia. 

5,000 
Cinchonas, 
Mclasto- 
^  meoe. 

Celastrus, 
Gumbelia, 
Mvrsine. 
3,000 

Tree-Ferns 
and  Figs. 

Forests  of 
Liquidambar. 

2,000 

Tropical 
Forests. 

V  3,000 

Tree-Ferns, 
&c. 

3,000 

Bananas, 
Saccharum, 
Palms. 

Tree-Ferns, 
Figs, 
Palms. 

Palms  and 
Bananas. 

Palms,  Scitami- 
neffi,  Damp  Equa- 
torial Forests. 

Bombax, 
Palmes, 
Miruosea). 

Palm  a>, 
Scitaniineae. 

29°N.L. 

2S°— 36° 
K.L. 

Sea-level. 

0°_K)O  s,  L. 

19°  N.  L. 

0° 
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Comparison  of  Regions  of  Altitude  with  Isothermal  Zones. 


Name  of  1 
Zone  .  j 

Tempera- 
ture of 
Zone  .  . 

Names  of 
Mountains. 

Rocky 
Mountaina 
N .  America 

Sierra 
Nevada, 
Spain. 

Lycian 
Taurus. 

Pontic 
Chain  oi 
Lasistan 

Ararat. 

Inner 
Armenis 

Alatau, 
Soon- 
garei. 

11,800 

10  000 

11,000 

Alpine 
Herbs. 

Alpine 
Shrubs,  &c. 

11,000 

1  11,000 

Alpine 
Herbs 
"S  and 
Shrubs. 

7,000 

(  10,000 

Alpine 
Herbs 

and 
Shrubs. 

8,000 

8,000 

Lichens. 
8,000 

Rhodo- 
dendron 
caueasi- 

cum. 

5,700 

8,000 

5,600 

J  unipers 
7,500 

Limit  of 
Trees. 

Conifers 

and 
Birches. 

Pinus. 

Pinus 
sylvestris. 
4,500 

Juniperus 
excelsa. 
6,000 

4,500 

Pinus. 

Deciduous 
Forest 
Trees. 

Quercus 
retusus, 

Pinus 
Pinaster. 

2,000 

Plateaux. 
3,000 
Oak  Woods. 
1,500 

Beech 
with 
Firs. 
4,600 

Beech. 
1,000 

Evergreen 
Forest 
Trees. 

Oliye,  Cork, 
Pomegranate 
600 
(Opuntia, 
Cotton, Sugar 
Cane.) 

Evergreen 
Trees  and 
Shrubs. 

Ever- 
green 
Shrubs. 

Olea, 
Laurus, 
Buxus, 
Planera. 

Lauracese 

and 
Myrtaceae. 

39°  N.  L. 

37°  X.  L. 

1  37°  X.  L. 

41°N.L. 

40°lf.l,. 

37°N.L. 

44°-46° 

Sea-level. 
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Comparison  of  Regions  op  Altitude  with  Isothermal  Zones. 


Names  of  Zones. 

j  ColdTemper- 
j    ate  Zone. 

Subarctic 
Zone. 

Arctic  Zone. 

Temperatures. 

54°  5'  to  41° 
Annual  Me  an. 

41°  Ann.  Mean  to  36° 
Mean  of  Sept. 

36°  Mean  of  Sept. 
to41°Meanof  July. 

Names  of  Moun- 
tains. 

Swiss  Alps. 

Norway. 

Kamtschatka. 

Iceland. 

Snow-line. 

8,500 

4,000 — 5,000 

2,000 

Alpine  Herbs. 

7,000 

3,300—3.800 

Saxifraga. 
2,700 

1,000 

Alpine  Shrubs, 
&c. 

6,000 

Dwarf 
Birch, 
Willow. 
2,000—3,000 

Alnus  incana, 
Rhododen- 
drons. 
2,000 

Alpine  Shrubs. 

Limit  of  Trees. 

Conifers  and 
Birches. 

Conifers. 
4,000 

Birch. 
1,000 
Conifers. 
2,000 

Alnus 
fruticosa, 
Sorbus, 
Coniferee. 
500 

64°  K.  L. 

Deciduous 
Forest  Trees. 

Beech  and  Oak. 
2,000 
Chestnut. 

67°  N.  X. 

60°  N.  L. 

Evergreen 
Forest  Trees. 

46°-47°  N.  L. 

Sea-level. 

On  comparing  these  Tables  with  Meyen's,  by  noticing  the  latitudes  given 
at  the  foot  of  the  columns,  it  will  be  seen  that  the  location  of  the  moun- 
tains in  the  various  zones  differs  only  in  the  hotter  and  colder  of  the  latter ; 
those  of  the  warm  temperate,  cold  temperate,  and  subarctic  (except  in  the 
case  of  Iceland)  being  similarly  arranged.  The  great  discrepancies 
existing  between  mountains  occurring  in  the  same  zone  indicate  that 
local  circumstances  must  have  most  powerful  influence  in  determining 
the  altitudes  attained  by  the  various  classes  of  vegetation.  We  are  not 
in  a  position  to  give  the  real  temperatures  of  regions  of  altitude  with  any 
accuracy  in  most  cases ;  or  these  would  probably  greatly  assist  in  as- 
certaining the  direct  causes  of  aberration ;  for  differences  of  temperature 
certainly  accompany  the  difference  of  elevation  attained  by  particular 
forms  of  plants.  Good  examples  of  the  influence  of  the  form  and  local 
conditions  of  mountains  are  furnished  by  Teneriffe,  Ararat,  the  Hima- 
layas, and  the  Rocky  Mountains  of  North  America.  The  first  is  an 
isolated  mountain,  exposed  to  the  equalizing  influence  of  the  ocean  ;the 
second  an  isolated  mountain  situated  in  the  interior  of  a  continent;  the 
two  chains  are  portions  of  enormous  systems  of  mountains  extending  over 
large  regions  in  the  interior  of  continents.  To  work  out  this  suhjoet 
thoroughly,  however,  it  is  necessary  to  observe  not  only  the  conditions  of 
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different  mountains,  but  those  of  the  different  declivities  of  the  same 
mountain ;  since,  when  great  elevations  are  attained,  chains  of  mountains 
form  the  boundaries  of  local  climates,  and  present  different  conditions  on 
the  two  faces. 

Sect.  3.  Division  of  the  Globe  into  Regions  having  Characteristic 

Vegetation. 

943.  The  character  of  the  vegetation  of  different  regions  is  in- 
fluenced not  merely  by  climate,  but  by  the  more  remote  causes  referred 
to  in  the  last  Chapter,  which  have  led  to  the  distribution  of  plants 
over  more  or  less  extensive  areas,  and  their  restriction  within  narrow 
limits  in  other  cases ;  further,  by  the  habit  of  plants,  as  by  a  social 
mode  of  growtb,  by  size,  &c. 

944.  Many  attempts  have  been  made  to  divide  the  earth's  sur- 
face into  Botanical  Eegions,  according  to  their  characteristic  vege- 
tation. Hone  of  these  can  be  regarded  as  satisfactory;  but  perhaps 
the  generalizations  of  Schoirw  are,  on  the  whole,  those  which  suggest 
most  to  the  student.  "We  therefore  introduce  here  that  author's 
account  of  the  25  regions  into  which  he  divided  the  globe,  on  prin- 
ciples which  are  stated  below. 

These  regions  were  characterized  several  years  ago;  and  much  has 
been  discovered  since,  tending  to  modify  the  details ;  it  is  greatly  to 
be  desired  that  a  new  attempt  should  be  made  in  this  direction. 

Schouw's  Phyto-geographic  Regions. 

945.  The  regions  are  founded  on  the  following  principles : — 

1.  At  least  one-half  of  the  known  species  of  plants  of  the  tract 
constituting  a  botanical  region  are  peculiar  to  it. 

2.  A  fourth  part  of  the  genera  of  the  region  are  either  peculiar 
to  it,  or  have  so  decided  a  maximum  that  they  are  comparatively 
rare  in  other  regions. 

3.  The  individual  Orders  of  plants  are  either  peculiar  to  the  region 
or  have  a  decided  maximum  there. 

1.  Regionof  Mossesand  Saxifrages  (Arctic-  Alpine,  or  Wahlenberg's  Region). 
Mean  temperature.— Polar  regions,  2°-41°  Fahr.    Mountains  in  the 

south,  21°-37°  Fahr. 
Character— Characteristic  and  ■predominant  genera — Ranunculus,  Ara- 
bis,  Draba,  Arenaria,  Dryas,  Potentilla,  Saxifraga,  Rhododendron,  Azalea, 
(rentiana,  Pediculans,  Sabx,  Musci,  Lichenes.  Of  the  polar  countries 
especially— Goptis,  Eutrema,  Parrya,  Diapensia,  Andromeda,  Ledum.  Of 
the  mountain  regions-Cherleria,  Campanula,  Phyteuma,  Primula,  Aretia, 
■V.Manella.  Dwarf  perennial  herbs  with  comparatively  large  flowers  of 
bright  colours.  Trees  absent. 
Predominant  shrubs  and  half-shrubs  of  the  polar  countries.— Betula  nana, 
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Salix  herbacoa  and  other  species,  Rubus  Cbaniajmorus,  Empetrum  nigrum, 


Alnus  viridis,  Salix  reticulata,  S.  herbacea,  Rhododendron  ferrugineum, 
E.  hirsutuin,  R.  caucasicum,  Vaccinium  Myrtillus,  V.  uliginosuni,  Azalea 
procumbens,  Arbutus  alpina,  A.  Uva  ursi,  Empetrum  nigrum. 

_  Plants  which  approach  very  closely  to  the  snoto-line.— Ranunculus  gla- 
cialis,  Saxifraga  oppositifolia,  Sileue  acaulis ;  in  the  polar  countries  espe- 
cially, Agrostis  algida,  Ranunculus  hyperboreus,  R.  nivalis,  Saxifraga 
rivularis,  S.  cernua,  S.  nivalis,  Papaver  nudicaule,  Draba  alpina,  Lychnis 
apetala,  Diapensia  lapponica.  In  the  mountain-regions,  Saxifraga  mus- 
coides,  S.  bryoides,  Cherleria  sedoides,  Aretia  helvetica,  A.  alpina,  Draba 
nivalis,  Petrocallis  pyrenaica,  Arabia  bellidifolia,  Myosotis  nana,  Gentiana 
nivalis,  Achillea  nana,  Linaria  alpina.    No  cultivation  in  this  region. 

The  flora,  as  a  whole,  as  tabulated  by  Hooker,  is  decidedly  Scandinavian. 
Some  of  its  members  are  universally  diffused  throughout  the  globe,  even 
in  the  tropics  (on  mountains) ;  hence  the  Scandinavian  flora  is  considered 
to  be  the  oldest  existing  flora. 

2.  Region  of  Umhelliferce  {North-European  and  North-Asiatic,  or  Linnesus's 

Region), 

Mean  temperature,  29°-46°  Fahr. 

Character. — Urnbelliferse,  Cruciferse,  Coniferae,  Anientaceae,  _  Grami- 
naeeae,  Cariceae,  Fungi,  Cichoracese,  Cynarese ;  in  Asia,  more  particularly, 
Saline  plants  (such  as  Salsola  and  Salicornia)  and  Astragaleae.  Luxuriant 
pasture ;  forest  trees  with  deciduous  leaves ;  a  few  Heaths. 

Predominant  trees  and  shrubs. — Pinus  sylvestris,  P.  Cembra,  P.  sibirica, 
Abies  excelsa,  A.  pectinata,  Larix  europsea,  Juniperus  communis,  Betula 
alba,  Alnus  glutinosa,  A.  incana,  Fagus  sylvatica  Quercus  pedunculata, 
Q.  sessiliflora,  Carpinus  Betulus,  Castanea  vesca,  Salices,  Populus  tremula, 
Corylus  Avellana,  Ulmus  campestris,  Calluna  vulgaris,  Prunus  spmosa, 
Pyrus  Aucuparia,  Acer  Pseudo-platanus,  A.  platanoides,  A.  campestre, 
Tilia  platyphylla,  T.  microphylla. 

Cultivated  plants.— Cereals :  Rye,  Barley,  Oats,  Wheat,  Spelt,  Maize, 
Millet  (Panicum  miliaceurn),  Buckwheat,  Potato. 

Fruits.— Apple,  Pear,  Quince,  Cherries,  Plums,  Apricot,  Peach,  Mul- 
berry, Walnut,  Grape,  Currant,  Gooseberry,  Strawberry,  Melons. 

Esculent  Dcyrfoifes.— Cabbage,  Rape,  Turnip,  Radish,  Mustard,  Peas, 
Beans,  Lentils,  Spinach,  Beet,  Cucumber,  Gourd,  Carrot. 

Fodder-plants,  Sec  —  Clovers,  Vetches,  Lucerne,  Rye-grass;  Hops, 
Flax,  Hemp,  Tobacco. 

3  Renion  of  the  Labiates  and  Caryophyllece  {Mediterranean,  or  Be  Candolles 
J  Region). 

Mean  temperature,  55°-73°  Fahr. 
Cftorader.— LaWat»,  Carvopbylleoe,  Boragineaj,  Cistinene,  Liliacere  ; 
the  Orders  cited  in  the  preceding  region  but  mostly  less  prevalent,  espe- 
cially the  Cai-iceoa.    Representatives  of  tropical  Orders— Palmse,  leie- 
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binthacea),Laurace£e, — Orders  which  increase  towards  the  equator  becoming 
more  numerous :  Leguniinosas,  Malvaceae,  Solanaceae,  Euphorbiaceaj, 
■  Urticaceas. 

Genera.— Adonis,  Nigella,  Trifolium,  Medicago,  Genista,  Cytisus,  Sca- 
biosa,  Anthemis,  Achillea,  Verbascum,  Narcissus ;  many  evergreen  trees 
and  shrubs ;  a  greater  number  of  woody  plants  than  in  the  second  region ; 
pasture  less  luxuriant;  a  winter  flora  existing. 

Predominant  trees  and  shrubs. — Pinus  Pinea,  P.  Pinaster,  P.  halepensis, 
P.  Laricio,  Cupressus  sempervirens,  Juniperus  phcenicea,  J.  macrocai'pa, 
Quercus  Cerris,  Q.  pedunculata,  Q.  sessiliflora,  Q.  Ilex,  Q.  Suber,  Q. 
^Egilops,  Q.  coccifera,  Q.  infectoria,  Castanea  vesca,  Platanus  orientalis, 
Ahms  cordifolia,  Corylus  Colurna,  Ostiya  vulgaris,  Acer  monspessulanum, 
A.  neapolitauum,  Pistacia  Lentiscus,  P.  Terebinthus,  Ceratonia  siliqua, 
Cercis  siliquastmm,  Genista  scoparia,  Mespilus  pyracantha,  Prunus  lauro- 
cerasus,  Tamarix  gallica,  T.  africana,  Myrtis  communis,  Punica  Grana- 
tum,  Opuntia  vulgaris,  Viburnum  Tinus,  Arbutus  Unedo,  Erica  arborea, 
E.  scoparia,  Rhododendron  ponticum,  R.  maximum,  Cisti,  Phyllyrea  lati- 
folia,  P.  angustifolia,  Ornus  europsea,  0.  rotundifolia,  Nerium  Oleander, 
Rosmarinus  officinalis,  Ephedra  distachya,  Chamserops  humilis,  Ruscus 
aculeatus,  Smilax  aspera,  Tamus  communis,  Agave  americana.  (The 
highest  parts  of  the  mountains  here  belong  to  the  first  region,  the  middle 
elevations  to  the  second  region.) 

Cultivated  plants. — The  same  as  in  the  preceding  region ;  but  the  follow- 
ing are  more  rare,  or  only  seen  on  tho  mountains :  Rye,  Currants,  Goose- 
berry, Buckwheat,  and  Hop ;  while  the  following  are  added  : — 
Cereals. — Rice,  Millets  (Sorghum  vulgare,  Panicum  italicum). 
Fruits. — Figs,  Almond,  Pistachio-nut,  Lemon,  Citron,  Sweet  and  Seville 
Oranges,  Prickly  Fig  (Opimtia),  Water-Melon,  Olive. 

Escidents  &c. — Melongena,  Tomato,  Anise,  Coriander,  Cotton,  White 
Mulberry,  Saffron,  Sumach,  Lupins,  Sainfoin. 

Note. — Madeira,  the  Azores,  and  Canaries  belong  to  this  region ;  but 
their  floras  approach  that  of  North  Africa. 

.  Characteristic  forms. — Sempervivum  arboreum,  S.  canariense,  S.  tor- 
tuosuni,  &c,  Rex  Perado,  Pleroma  pendula,  Cacalia  Kleinia,  Sonchus 
fruticosus,  Arbutus  callicarpa,  Ardisia  excelsa,  Ceropegia  aphylla,  Echiuni 
giganteum,  &c,  Laurus  foetens,  Euphorbia  balsarnifera,  E.  canariensis, 
Mynca  Faya,  Pinus  canariensis. 

■I.  Per/ion  of  Asteres  ami  Solidagines  (Northern  North-American,  or 
Michaux's  Region). 
Mean  temperature,  9°-59°  Fahr. 

Character.-- More  species  of  Coniferre  and  Amentaceas  than  in  the  second 
region),  but  fewer  UmbelliferEe,  Crucifene,  Cichoracere,  and  CynareEe 

Genera.— Hydrastis,  Sanguinaria,  Hudsonia,  Ptelea,  Robinia,  Gymno- 
cladus,  Purshia,  Gillenia,  Decodon,  CEnothera,  Clarkia,  Ludwigia,  Bar- 
toma,  Ckytonia  Heiichera,  Itea,  Hamamelis,  Mitchella,  Aster,  Solidago, 
Liatns,  Rudbeckia  Gaillardia,  Vaccinium,  Andromeda,  Kalmea,  Sabbatia 
Houstoina,  Ilycfrophyllum,  Phlox,  Monarda,  Dodecatlieon,  Dirca,  Hamil- 
toma,  Lewisia,  Trillium,  Medeola. 

Predominant  trees  ami  shrubs.— Pinus  Strobus,  P.  inops,  P.  resinosa  P 
Banksiana,  P.  variabilis,  P.  rigida,  P.  serotina,  P.  pungens,  Abies  bat 
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samea,  A.  taxifolia,  A.  canadensis,  A.  nigra,  A.  rubra,  A.  alba,  Larix  pen- 
dula,  I),  macrocarpa,  Thuja  occidentalis,  T.  spbairoidea,  Juniperus  virgi- 
niaua,  J.  Sabina,  Tax  us  canadensis,  Quercus,  25  sp.,  Fagus  Bylvatica,  F. 
ferruginea,  Oastanea  americana,  C.  pumila,  Ostrya  virginica,  Oarpinus 
amerieaua,  Corylus  americana,  C.  rostrata,  Alnus  glutinosa,  A.  crispa, 
A.  serrulata,  Betula  nigra,  B.  papyracea,  &c,  Salix,  27  sp.,  Populus  bal- 
samifera,  P.  monilifera,  &c,  Myrica  cerifera,  &c,  Platanus  occidentalis, 
Liquidambar  styraciflua,  Juglans  nigra,  J.  cinerea,  &c,  Ulmus  americana, 
&c,  Nyssa  aquatica,  Fraxinus  alba,  F.  nigra,  &c,  Omus  americana,  Ribes 
floridum,  R.  aureum,  &c,  Vaccinium,  20  sp.,  Andromeda,  10  sp.,  Kalmia 
latifolia,  K.  angustifolia,  K.  glauca,  Azalea  viscosa,  A.  nitida,  A.  glauca, 
A.  nudiflora,  &c,  Rhododendron  maximum,  Cornus  florida,  C.  alba,  C.  ca- 
nadensis, &c,  Hamamelis  virginiensis,  Spiraea  salicifolia,  S.  chamaedri- 
folia,  S.  opnlifolia,  S.  hypericifolia,  &c,  Gillenia  trifoliata,  Crataegus,  sp., 
Cerasus  pumila,  C.  nigra,  &c,  Pursbia  tridentata,  Rubus,  20  sp.,  Pyrus 
sp.,  Robinia  Pseud-acacia,  R.  hispida,  Gymnocladus  canadensis,  Rhus 
typhina,  R.  glabra,  R.  venenata,  R.  toxicodendron,  &c,  Ptelea  trifoliata, 
Ceanothus  americanus,  &c,  Rhamnus  alnifolius,  &c,  Rex  opaca,  &c, 
Euonymus  americanus,  E.  atropurpureus,  Staphylea  trifolia,  Ampelopsis 
hederacea,  Acer  rubrum,  A.  dasycarpum,  A.  saccharinum,  A.  striatum, 
Negundo  fraxinifolium,  Xanthoxylum  fraxineum,  X.  tricarpum,  Tilia  gla- 
bra, T.  pubescens,  Liriodendron  tulipifera. 

In  the  northern  parts  (to  50°-55°  n.  l.)  no  cultivation.  South  of  this, 
the  same  plants  as  those  cidtivated  on  the  second  region,  but  Maize  more 
extensively. 

5.  Region  of  Magnolia  (Southern  North-American,  or  Pursh's  Region). 
Mean  temperature,  59°-73°  Fahr. 

Character. — A  certain  approximation  to  the  tropical  vegetation  ;  Can- 
nese  (Carina,  Thalia),  Palmae  (Chamserops),  Yucca,  Cycadese  (Zaniia), 
Laurus,  Iponiaea,  Bignonia,  Asclepias,  Cacteae  (Mammillaria,  Opuntia), 
Rhexia,  Passiflora,  Cassia,  Sapindus. 

Few  Labiatae,  Caryophylleas,  Umbelliferas,  Cichoraceae,  Geranieae  ;  few- 
species  of  Aster  or  Solidago. 

Trees  with  broad  shining  leaves  and  large  flowers. 

Genera. — Magnolia,  Liriodendron,  niicium,  Asimina,  Dionaea,  Pavia, 
Amorpha,  Gleditschia,  Baptisia,  Petalostemon,  Calycanthus,  QEnothera, 
Claytonia,  Rudbeckia,  Liatris,  Silphium,  Kalmia,  Houstonia,  Frasera, 
Halesia,  Dodecatheon. 

Predominant  trees  and  shrubs.— Magnolia  grandiflora,  M.  glauca.  &C., 
Rlicium  floridanum,  I.  parviflorum,  Liriodendron  Tulipifera,  Asimina.  sp.. 
Pavia  flava,  P.  macrostachya,  &c,  Amorpha  fruticosa,  &c,  Gleditschia 
triacanthos,  &c,  Robinia  viscosa,  Cassia  Tora,  C.  marilandica,  &c.  Acacia 
glandulosa,  Calycanthus  floridus,  &c,  Kalmia  birsuta,  K.  cuneata,  Opuntia 
vulgaris,  0.  fragilis,  0.  missouriensis,  Halesia  tetraptera,  II.  diptern,  Lau- 
rus°Catesbyana,  L.  caroliniensis,  L.  Benzoin,  L.  bassafras,  &c,  Juglans 
fraxinifolia,  Cary a  aquatica,  C.  myristiciformis,  Liquidambar  styraciflua, 
Carpinus  americanus,  Castanea  americana,  C.  pumila,  Platanus  occiden- 
talis, Quercus,  25  sp.,  Taxodium  distichum,  Pinus  Tseda,  P.  palustns, 
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Zamia  integrifolia,  Yucca  gloriosa,  Y.  aloifolia,  &c,  Charnaerops  Hystrix, 
C.  Palmetto,  C.  serrulate. 

Cultivated  plants.— About  the  same  as  in  the  third  region,  with  the  ex- 
ception of  the  Olive.  Cultivation  of  liice  more  extensive.  In  the  southern 
parts  some  tropical  plants,  especially  the  Sugar-cane. 


6.  Region  of  Camelliece  and  Celastrineee  (Clivnese,  Japanese,  or  Kampfer's 

Region). 

Mean  temperature,  54°-68°  Fahr. 

Character. —  ? 

Genera. — Magnolia,  Nandina,  Eurya,  Camellia,  Thea,  Celastrus,  Ilex, 
Euonymus,  Bumalda,  Hovenia,  Kerria,  Spiraea,  Gonocarpus,  Lagerstrce- 
mia,  Aucuba,  Bladhia,  Doraana,  Eleagnus,  Polygonum,  Pollia. 

Predominant  trees  and  shrubs. — Rhapis  flabelliformis,  Pinus  sinensis, 
&c,  Cunninghamia  lanceolata,  &c.,  Taxus  nucifera,  T.  verticillata,  Salis- 
buria  adiantifolia,  Cryptomeria  japonica,  Cupressus  pendula,  Juniperus 
virginiana,  Thuja  orien talis,  T.  dolabrata,  Quercus  glabra,  Q.  glauca,  Alnus 
japonica,  Juglans  nigra,  Broussonetia  papyrifera,  Daphne  odora,  Laurus 
glauca,  L.  lucida,  L.  imibellata,  L.  pedunculate,  Olea  fragrans,  Diospyros 
Kaki,  Mespilus  japonica,  Sophora  japonica,  Acer  japonicum,  A.  septeni- 
lobatum,  A.  palinatum,  &c,  Camellia  japonica,  C.  Sasanqua. 

Cultivated  plants. — Rice,  Wheat,  Barley,  Oats,  Doura  (Sorghum  vul- 
gare),  Millet  (Eleusine  coracana),  Buckwheat,  Sago  (Cycas  revoluta), 
Taro  (Arum  or  Caladium  esculentum),  Batatas,  or  Sweet  Potato ;  various 
species  of  Pear,  xlpple,  Crab,  &c,  Quince,  Plum,  Apricot,  Peach,  Medlar ; 
many  species  of  Citrus  (Oranges,  Shaddocks,  &c),  Melons. 

Tea,  Rapes  (Brassica  sinensis),  Radish,  Cucumber,  Conomon,  Gourds, 
"Water-Melon,  Anise,  Star-Anise,  Soja,  Nelumbium,  Trapa,  Scirpus  tube- 
rosus,  Convolvulus  reptans,  Beans,  Peas,  Solanum  aethiopieum,  Sesa- 
mum,  Hemp,  Paper  Mulberry,  Cotton,  Indigo,  Isatis  indigotica,  Urtica 
nivea. 


7.  Region  of  the  Scitaminem  {Indian,  or  Roxburgh's  Region). 
Mean  temperature,  66°-83°  Fahr. 

Character.— The  tropical  Orders  make  their  appearance,  or  become  more 
abundant :  Palmse,  Cycadeae,  Scitamineae,  Aroidese,  Artocarpeoa,  Urticeae 
Euphorbiaceae,  Lauraceae,  Convolvulacese,  Bignoniaceaj,  Apocyneas,  Ru- 
biaceae,  Leguniinosae,  Terebinthaceae,  Meliaceaa,  Guttiferaa,  Sapindacete 
Byttnenacese,  Malvaceae. 

The  extra-tropical  vanish,  or  only  present  themselves  sparingly  •  Cari- 
ceae,  Coniferaa,  Amentaceae,  Labiatae,  Boragineae,  Composites,  Rosacete, 
Garyophylleae,  Cistaceae,  Cruciferae,  Ranunculaceee. 

Genera.— LJvaria,  Grewia,  Eriolaena,  Garcinia,  Buchanania,  Crotolaria 
Flemingia,  Lutea,  Carpopogon,  Jambosa,  Gratiola,  Tectona,  Holmskiol- 
dia,  ficus,  Phytocrene, Calamus. 

The  trees  are  never  without  leaves.  The  number  of  arborescent  plants 
is  greater  than  outside  the  tropics.  Large  and  splendid  flowers.  Manv 
climbing,  parasitical,  and  epiphytic  plants.  y 

Predominant  arborescent  plants.— Dillenia  ornate,  D.  scabrella  Uvaria  sp 
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Miehelia  Oampaca,  &c,  Bombax  insignia,  &c,  Sterculia,  sp.,  Astrapiea 
Wallichii,  Ehcocarpus,  sp.,  Calophyllum,  sp.,  Garcinia,  sp.,  Sapindus,  sp., 
Swietenia  febrifuga,  Cissus,sp.,  Aquilaria  malaccensis,  Semecarpus  Anacar- 
dium,  Melanorrhcea  usitata,  Mimosa,  sp.,  Acacia,  sp.,  Aniherstia  nobilis, 
Pterocarpus  santalinus,  Cassia  fistula,  Jambosa,  sp.,  Gardenia,  sp.,  Nauclea 
sp.,  Uncaria  Gambir,  Diospyros  Ebenum,  Sec,  Urceola  elastica,  Bignonia! 
sp.,  Avicennia  toinentosa,  Tectona  grandis,T.  Hamiltoniana,  Laurus  Cassia, 
L.  Cinnamomum,  L.  malabathrica,  Tetranthera,  sp.,  Myristica,  sp.,  Hernan- 
dia  souora,  Eicus  religiosa,  F.  iudica,  F.  elastica,  F.  benjamina,  and  many 
others;  Cycas  revoluta,  Borassus  flabelliformis,  Cocos  nucifera,  Elate 
sylvestris,  Metroxylon  Sagus,  Calamus  Rotang,  C.  rudentum,  C.  Draco, 
&c,  Areca  Catechu,  Taliera  bengalensis,  Dracaena  Draco,  Pandanus  odora- 
tissimus,  Flagellaria  indica,  Bambusa  arundinacea. 

Cultivated  plants. — Rice,  Millets,  &c.  (Panicum  frmnentaceum,  Eleusine 
coracana,  Sorghum,  sp.),  Sago  (Cycas  circinalis),  Yams,  Ground-nut  (Ara- 
chis),  Cocoa-nut,  Tamarind,  Mango,  Mangosteen,  Banana,  Plantain,  Rose- 
Apples  (Eugenia,  Jambosa),  Guava,  Oranges  of  various  kinds,  Shaddock, 
"Water-Melon,  Sugar,  Coffee,  Cloves,  Peppers,  Ginger,  Cardamums,  Tur- 
meric, Cotton,  Indigo,  &c,  Soja,  Beans,  Pulses  (Dolichos,  sp.). 


8.  Region  of  Rhododendron-trees  {Emodic,  or  Wattich's  Region). 
Attitudes,  5,000-12,000  feet.    Mean  temperature,  66°-37°  Fahr. 

Character. — Tropical  forms  disappear  or  decrease : — Palmae,  Cycadeae, 
Scitamineae,  Euphorbiaceae,  Solanaceae,  Convolvulacese,  Apocynaceae,  Te- 
rebinthacese,  Leguniinosae,  Malvaceae,  Anonaceoe. 

Extratropical,  especially  European,  forms  come  to  light,  or  become 
more  abundant  than  in  7,  such  as  Caricere,  Amentaceae,  Coniferae,  Poly- 
gonea?  (Rumex,  Polygonum,  Rheum),  Primulaceae  (Primula,  Lysimachia), 
Labiate,  Ericacea?  (Rhododendron,  Andromeda),  Cichoraceae,  Umbelli- 
ferre,  Rosacea?  (Potentilla,  Rubus,  Rosa,  Pyrus,  Mespilus,  Primus),  Ace- 
racefe,  Caryophyllaceae  (Stellaria,  Cerastium,  Arenaria),  Cruciferae, 
Ranunculacere  (Aconitum,  Ranunculus,  Thalictrimi).  The  Orchideos  and 
Ferns  are  very  numerous.    Other  characteristic  forms  are  the 

Gewera.— Allium,  Paris,  Plantago,  Veronica,  Rhinanthus,  Pedicularis, 
Didymocarpea3,Gentiana,  Swertia,  Campanula,  Valeriana,  Galium,  Comus, 

Viburnum.  „  _ 

Most  important  trees  and  shrubs.— Pimis  Pmdrow,  P.  Webbiana,  P. 


squamata,  „.   ,   r— 

Betula  utilis,  B.  nitida,  B.  alnoides,  Alnus  nepalensis,  Salix  disperma,  b. 
cuspidata,  S.  iaponica,  Daphne  cannabina,  D  Gardneri,  D.  sencea  D. 
Bholua,  Eteagnus  arborea,  E.  conferta,  E.  umbellata,Hippophae  salicifoha, 
Fraxinus  floribunda,  Ligustrum  nepalense,  L.  bracteolatum,  Xylosteuni 
ligustrinum,  Caprifolium  japonicum,  C.  macrauthum,  Cornus  oblong*  C. 
capitata,  Viburnum  fcetidum  &c,  Audromeda  fonnosa,  A.  ovalifolia.  &c., 
Rhododendron  arboreum,  R.  barbatum,  R.  Falconeri,  and  many  otbersp. ; 
Hedera  Ilainla,  ftc,  Hex  dipyrena,  I.  odorata  &c  Ribes  lakare,  Kosa 
microphvlla,  &c.,  Rubus  rugosus,  R.  betulmus,  &c,  Spinen  . canescens,  Sc., 
Neillia  thyrsiffora,  N.  rubiflora,  Pyrus  Pashia,  Mespilus  aftmis,  M.  Cuila, 
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&c,  Prunus  undulata,  P.  cerasoides,  Rhusjuglandifoliuin,  R.  fraxinifolium, 
&c,  Rhaninus,  sp.,  Celastrus,  sp.,  Euonymus,  sp.,  Acer  acuminatum,  A. 
oblongum,  Dobinsea  vulgaris,  Magnolia,  sp.,  Berberis  asiatica,  B.  Wal- 
lichiana,  B.  Miccia. 

Note. — The  western  portion  of  the  Himalayas  differs  considerably  from 
the  eastern  portion,  from  the  predominance  of  Dicotyledonous  forests  and 
a  damp  climate  in  the  former,  with  a  rarity  of  Conifers  until  the  limit  of 
Abies  Smithiana  (10,000  feet)  is  attained,  and  an  extension  of  the  tropical 
plants  to  a  greater  altitude ;  while  in  the  drier  eastern  portion  the  Coni- 
fers are  diffused  throughout,  the  forests  less  considerable,  and  the  plants 
of  temperate  climates  diffused  lower  down. 

Cultivated  plants. — The  cereals  and  orchard  fruits  of  Europe,  mountain 
Rice,  and  a  few  tropical  plants  in  the  lower  regions, 


9.  Polynesian  (or  Meinwardt's)  Region. 
Mean  temperature,  66°-84°  Fahr.    Altitude,  0-5000  feet. 

Cliaracter. — Resembling  that  of  the  Indian  region.  The  principal  di- 
stinction consists  in  the  greater  number  of  Orehideas  (especially  parasitic 
species,  which  appear  here  in  many  peculiar  forms),  of  Fems,  and  species 
of  Ficus.  A  slight  approximation  to  the  Australian  forms :  Melaleuca, 
Metrosideros,  Proteacete  (Heliophyllum).  Among  the  other  character- 
istic forms  are  the 

Genera. — Licuala,  Lodoicea,  Rafflesia,  Brugmansia,  Stemonurus,  An- 
tiaris,  Myristica,  Nomaphila,  Hydrophytum,  Philagonia,  Esenbeckia, 
Echinocarpus,  Aromadendron. 

Predominant  trees  and  shrubs. — PrimaBval  forests,  composed  especially 
of  species  of  Ficus,  Lauracese,  Calameaa,  and  Bignoniaceas,  with  Licuala 
speciosa,  Lodoicea  seychellarum,  Broussonetia  papyrifera,  Artocarpus  in- 
cisa,  Antiaris  toxicaria  (Upas),  Myristica,  sp.,  Ardisia,  sp.,  Tectona 
grandis,  Strychnos  Tieute,  Diospyros,  sp.,Barringtonia  speciosa,  B.  excelsa 
Philagonia  procera,  Cereus,  sp.,  Calophyllum  Inophyllum,  Elteocarpus' 
sp.,  Esenbeckia  altissima,  Echinocarpus  Sigun.  ' 

Cultivated  plants. — The  same  as  in  the  Indian  region,  with  Bread-fruit 
Cassava,  Inocarpus  edulis,  Nutmeg,  Camphor,  Papaw,  Cotton  (tree,  &c  ) 
Paper-ruulberry,  Hemp.  v' 


10.  Upper  Javan  (or  Plume's)  Per/ion. 
Altitude,  5000-12,000  feet. 
Cliaracter.—  This  region  bears  a  certain  resemblance  to  the  Emodic 
.region  and  ought  perhaps  to  be  united  with  it.   Extratropical  forms  re- 
;  place  the  tropical.  Oak-woods  replace  the  forests  of  Ficus .  and  these  are 
f  succeeded  by  forests  of  Podocarpus  mingled  with  Temstrcemiaeeous  trees 
.  above  which  the  sbrubby  Heaths  (Thibaudia)  and  woody  Gnaphalia  occS 
at  a  comparatively  low  elevation  (9000  feet),  where  the  trees  cease 

Genera*— JJantaRO,  Lysimachia,  Veronica,  Gentiana,  Swertia  '  Vac- 
cmmm,  Gaulthena,  Vireyn,  Thibaudia,  Bellis,  Galium,  Saprosma 

Characteristic  trees  and  ^n^-.-Ternstrceniiaceie  (Cleyera),  Gordonia 
Schima,  Eurya,  Menace*,  arborescent  Eupatorie»,  liuracea  & 
IPodocarpus  amara,  P.  imbricata,  P.  latifolia,  P.  bracteata,  Agathk  ffi 
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thifolia,  Qucvcus,  lGsp.,  Myrica  javanica,  Castanea  javanica,  C.  argentea, 
&c,  Lithocarpus  javensis,  Engelhardtia  spicata,  E.  rigida,  Thibaudia,  sp., 
Bongosa,  sp.,  Viburnum,  sp.,  Sanibucus  javanica,  Hajinospermum  arbo- 
reum,  Mespilus,  sp. 

11.  Oceanic  {or  Cha?7iisso's)  Region. 
Mean  Te?)iperature,  73°-83°  Fahr. 

Character. — A  sparing  and  not  very  peculiar  flora.  Greater  approxi- 
mation to  the  flora  of  Asia  than  to  that  of  Africa ;  some  afliuity  to  the 
Australian  (Casuarina,  Proteacese,  Myoporum,  Epacridese,  Melaleuca, 
Acaciae  aphyllse). 

Genera. — Schiedea,  Antholoma,  Aporetica,  Crossostylis,  Codia,  Tiino- 
nius,  Kadua,  Cyathostegia,  Argophylluni,  Melodinus,  Ascaiina. 

Predominant  trees  and  shrubs. — Bracaana  terniinalis,  Tacca  pinnatifida, 
Pandanus  odoratissimus,  Cocos  nucifera,  Corypha  umbraculifera,  Cupressus 
columnaris,  Casuarina  equisetifolia,  C.  nodiflora,  Ficus,  sp.,  Artocarpus 
incisa,  Alenrites  triloba,  Embothrium  strobihnum,  Scsevola  Kcenigii,  Vac- 
cinium  cereum,  Lobelia  arborea,  &c. ;  Coffea  haduana,  C.  Mariniana, 
Kadua  Cookiana,  fee,  Rkizophora  Mangle,  R.  gymnorhiza,  Tenninalia 
Catalpa,  Barringtonia  speciosa,  Melaleuca  virgata,  &c,  Osteomeles  anthyl- 
lidifolia,  Cassia  Sophora,  Mimosa  Mangium,  Adenanthera  scandens,  Black- 
hurnea  pinnata,  Calophyllum  Inophyllum,  Clusia  sessilis,  C.  pedicellata, 
Sapindus  Saponaria,  Bodonaea  spathnlata,  B.  viscosa,  Aporetica  pinnata, 
A.ternata,  Grewia  Mallococca,  Sterculia  Balangas,  S.fcetida,  Commersonia 
echinata,  Tetracera  Euryandra. 

Cultivated  plants. — Bread-fruit,  Taro  (Arum  esculentuni),  Ai-um  sa- 
gittifolium,  A.  microrhizon,  Tacca  pinnatifida,  Convolvulus  chrysorhizus, 
Yam  (Bioscorea  alata),  Cocoa-nut,  Banana,  Liocarpus  edulis,  Sterculia 
Balangas,  Ficus  aspera,  F.  Granatnm,  Shaddock,  Hog-plum  (Spondias 
dulcis),  Mimusops  dissecta,  Terminalia  glabra,  Cratasva  religiosa,  Eugenia 
nialaccensis.Bracsena  terminalis,  Macropiper  methysticum,  Areca  oleracea, 
Paper-mulberry. 

12.  Region  of  Balsamic  trees  {Arabian  or  ForskaVs  Region). 

Character. — Tropical ;  in  greatest  part,  Indian  forms. 

Characteristic  genera. — Strsenria,  Maarua,  Semea,  Oncoba,  Caucanthus, 
Geruma,  Balsamodendron,  Cadia,  Orygia,  Simbuleta.  Some  approxima- 
tion to  the  South-African  flora  (Stapelia,  Haemanthus). 

Predominant  trees  and  shrubs. — Pandanus  odoratissimus,  Ficus  Syca- 
morus,  F.  salicifolia,  F.  popidifolia,  F.  ForskSlii,  F.  palmata,  F.  serrata,  F. 
Sur  F.  Toka,  Avicennia  tomentosa,  Cynanchum  arboreum,  Balsamoden- 
dron gileadense,  B.  Opobalsamum,  B.  Kataf,  B.  Kaful,  Celastrus  edulis, 
C.  parviflora,  Grewia  populifolia,  Maarua  uniflora,  M.  racemosa. 

Cultivated  2>lants.— Millets  (species  of  Sorghum),  six-rowed  Barley, 
Maize,  Arum  Colocasia,  Bate-palm,  Plantain,  Cocoa-nut,  Tamarind,  Fig, 
Papaw,  Peach,  Apricot,  Plum,  Apple,  Quince,  Vine,  Coffee,  Sugar,  Ginger, 
Radish,  Spinach,  Gourd,  Bolichos,  sp.,  Tree-cotton,  Indigo. 

Note.  This  region  extends  to  the  plains  of  North-east  India  (ScindeH 

and  should  probably  include  part  of  Persia,  and  also  of  the  Abyssinian 
region. 
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13.  The  Desert  Region  (Delik's  Region). 
Mean  temperature,  73°-86°  Fahr. 

Character— k.  very  poor  flora.  No  characteristic  Orders  or  genera, 
but  the  following  species :  Pennisetum  dichotomum,  Phoenix  dactylifera, 
Cucifera  tliebaica,  Euphorbia  mauritanica,  /Erua  toruentosa,  Acacia  nilo- 
tica,  A.  arabica,  A.  gummifera,  A.  Senegal,  Cassia  obovata,  C.  Singueana, 
Alhagi  mauroruin,  Mimosa  Habbus,  Zizyphus  Pahna  Cbristi,  Zygophylluni 
simplex,  Z.  album,  Fagonia  arabica,  F.  Oudneyi. 

Cultivation— Only  in  tbe  Oases;  here  principally  the  Date-Palrn. 
Doura  (Sorghum  vulgare),  Wheat,  Barley.  South-European  and  certain 
Indian  fruits. 

14.  Region  of  Tropical  Africa  (Adanson's  Region). 
[The  Interior  little  known.] 
Mean  temperature,  73°-86°  Fahr. 

Character. — The  flora  is  remarkable  for  the  large  number  of  peculiar 
generic  types,  each  often  containing  but  few  species.  Leguminosae,  Ru- 
biacese,  Cyperaceffl  very  prevalent.  Comparatively  few  species  of  Palmas, 
Filices,  Scitamineas,  Piperacere,  Passifioreae. 

Genera. — Adansonia,  Dombeya,  Melhania,  Christiania,  Pentadesma, 
Napoleona,  Parkia,  Thonningia. 

Predominant  trees  and  shrubs. — Anona  senegalensis,  &c,  Cadaba  fari- 
]iosa,  Cratseva  Adansonii,  Capparis  edulis,  Pentadesma  butyracea,  Bom- 
bax  pentandrum,  B.  guineense,  Adansonia  digitata,  Sterculia  acuminata, 
Grewia  carpinifolia,  Acacia,  sp.,  Cassia  occidentalis,  Pterocarpus  esculen- 
tus,  Parkia  africana,  Chrysobalanus  Icaco,  Conocarpus  pubescens,  Rhizo- 
phora,  sp.,  Psychotria,  sp.,  Bignonia  tulipifera,  •  Avicennia  africana,  Eu- 
phorbia (shrubby  species),  Ficus,  sp.,  Elais  guineensis,  E.  melanococca, 
Rhapis  vinifera,  Phoenix  spinosa,  Pandanus  candelabrum. 

Cultivated  plants. — Maize,  Rice,  Millets  (Sorghum  vulgare,  saccharatmn, 
Panicum,  sp. ),  Yam  (Dioscorea  alata,  sativa),  Cassava,  Aruni  esculentum, 
Plantains,  Mango,  Papaw,  Pine-apple,  Oil-palm,  Cashew-nut,  Figs,  Tama- 
rind, Citrus,  sp.  (Oranges,  Limes,  Lemons,  &c),  Coffee,  Sugar,  Ginger, 
Cardamoms,  Grains  of  Paradise,  &c,  Beans  of  v.irious  kinds,  and  Do- 
lichos  pulses,  Ground-nut  (Arachis),  edible  Solana,  Cotton,  Tobacco. 

15.  Region  of  Cacti  and  Pipcracece  (Jacquiris  Region). 

Mexico,  Guiana,  fyc. 

Altitude,  up  to  5000  feet.    Mean  temperature,  68°-84°  Fahr. 

_  Character. — Bromeliacese,  Piperaceae,  Passinoracese,  Cactacese,  Euphor- 
biaceje,  Convolvulacese,  Apocynacea;,  Rubiaceas.  Tropical  Orders  less 
frequent  here  than  in  other  places  within  the  tropics:  Filices,  Scitami- 
neffl,  Orchidacea;,  Myrtacese,  Leguminosa;,  Terebinthacete,  Aurantiaceaa, 
TiliaceaB,  Malvaceae.  Extratropical  Orders  appearing  or  becomino'  more 
ahuudant:  Labiata>,  Ericaceae,  Campanulacea;,  Composite,  Umbelliferaj 
Crassulacese,  Rosacese,  Caryophyllaceaj,  Cruciferas,  Ranunculaceaj. 

Characteristic  genera.—  Phytelephas,  Kunthia,  G  alactodendron,  Todo- 

2  G 


662 


GEOGRAPHICAL  AM)  GEOLOGICAL  BOTANY. 


pterus,  Salpianthus,  Russellia,  Lagascea,  Gronovia,  Inga,  Thouinia,  Lace- 
pedia,  Thcobroma,  Guazuma. 

Predominant  trees  and  shrubs. — Cyathea  spinosa,  C.  villosa,  Meniscium 
avborescens,  Agave  aniericana,  Yucca  acaulis,  Cocos  nucifera,  C.  buty- 
racea,  Mauritia  flexuosa,  Martinezia  caryotifolia,  Oreodoxa  montana, 
Kunthia  niontana,  Cliamrerops  Morini,  Corypha  Miraguama,  C.  Pumos, 
C.  tectoruni,  &c,  Liquidambar  styraciflua,  Oecropia  peltata,  Galactoden- 
dron  utile,  Rbopala  ovata,  Avicennia  tomentosa,  Ehretia  temifolia,  Cordia 
dentata,  Cereus,  sp.,  Melocactus,  sp.,  Opuntia,  sp.,  Pereskia,  sp.,  Mammil- 
laria,  sp.,  Lecytbis  elliptica,  &c,  Bertbolletia  excelsa,  arborescent  Mela- 
stoinaB,  Baubinia  splendens,  B.  suaveolens,  &c,  Haeniatoxylon  canipe- 
cbianum,  Caesalpinia  cassioides,  &c,  Acacia  cornigera,  A.  fcetida,  &c, 
Hymensea  Courbaril,  &c,  Inga  Humboldtiana,  I.  insignis,  &c,  Mimosa, 
sp.,  Swietenia  Mabogani,  Bonplandia  trifoliata. 

Cultivated  plants. — Maize,  Doura,  Cassava,  Yam,  Batatas,  Plantain, 
Mango,  Custard-apples,  Guavas,  Cocoa-nut,  Papaw,  Peacb,  Pine-apple, 
Casbew-nut,  Tamarind,  species  of  Citrus,  Granadilla,  Vine,  Cactus-tig, 
llose-apple,  Cocoa,  Vanilla,  Coffee,  Sugar,  Tomatos,  Capsicums,  Pigeon- 
peas  (Cajanus),  Ground-nut,  Cocbineal-cactus,  Tobacco,  Cotton. 

16.  Region  of  the  Mexican  Highlands  (BonplaiuPs  Region). 
Altitude,  above  5000  feet.    Mean  temperature,  67°-79°  Fabr. 

CJiaracter. — Tropical  forms  vanisbing  or  decreasing :  Tree-ferns,  Palmse, 
Piperacese,  Eupborbiacese,  Melastomacese,  Passifloracese.  Extratropicai 
forms  make  tbeir  appearance  or  become  more  abundant:  Amentacese 
(Salix,  Quercus),  Coniferae  (Pinus,  Cupressus),  Labiatse  (Salvia,  Stacbys, 
Mavrubium),Pedicularis,  Ancbusa,  Myosotis,  Polemonium,  Ericacea?  (Yac- 
cinium,  Arbutus,  Arctostapbylos),  Compositas  (greatly  increasing), 
Valeriana,  Galium,  Comus,  Caprifolium,  Umbelliferse,  Rosacea?  (Amyg- 
dalus,  Mespilus,  Kosa,  Potentilla),  Caryopbyllea?  (Arenaria),  Cruciferae 
(Draba),  Ranunculacea?  (Anemone,  Ranunculus). 

Characteristic  genera.—  Mirabilis,  Maurandya,  Leucopbyllum,  Holtzia, 
Dablia,  Zinnia,  Scbkubria,  Ximenesia,  Lopezia,  Vauquelinia,  Cboisya, 
Cbeirostemon.  . 

Predominant  trees  and  shrubs.— Pinus  occidentalis,  Abies  birtella,  Cu- 
pressus tburifera,  C.  sabinoides,  Taxodium  disticbum,  Quercus  (16  sp.), 
Salix  Bonplandiana,  S.  paradoxa,  &c,  Arbutus  mollis,  A.  petiolaris,  Arc- 
tostapbylos polifolia,  A.  pungens,  &c,  Vaccinium  geminiflorum,  V.  sta- 
mineum,  V.  confertum,  Rosa  Montezuma?,  Mespilus  pubescens,  Amyg- 
dalus  micropbylla,  Cbeirostemon  platanoides. 

Cultivated  pilants.— Maize,  European  cereals  and  fruits. 

Note—  In  tbe  uppermost  regions  of  tbe  mountains  the  flora  acquires  an 
alpine  aspect.  Here  occur  Cyperus  toluccensis,  Cbelone  gentianoides, 
Cnicus  nivalis,  Ageratum  arbutifolium,  Senecio  (many  procumbent  species), 
Potentilla  ranunculoides,  Lupinus  elegans,  L.  montana,  Arenaria  bryonies. 

17.  Region  of  Cinchonas  (Andes,  or  Humboldt's  Region). 
Altitude,  5000-0000  feet.    Mean  temperature,  59°-68°  Fabr. 
Character.— Extratropical  forms  make  tbeir  appearance,  or  become 
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more  frequent.  Graminaceaj,  Amentacete  (Quercus,  Salix),  Labiatre 
(Salvia,  Stachys,  Scutellaria),  Anchusa,  Myosotis,  Swertia,  Encete  Lom- 
positte  (very  numerous),  Caprifoliace£e  (Viburnum,  Sambucus),  Umbel- 
Hfera3  (Ferula,  Ligusticum),  Rosacea?,  Cruciferfe,  Ranunculacefe.  Un 
the  other  hand,  certain  tropical  forms  vanish  or  become  rarer,  but  a  lew 
particular  species  of  Palmas,  Piperacese,  Cactacese,  Passiflora,  and  Mela- 
stomacese  ascend  to  a  considerable  altitude. 

Genera.— Mima,  Cervantesia,  Oreocallis,  Lachnostoma,  Gaylussaccia, 
Stevia,  Flaveria,  Tagetes,  Espeletia,  Cinchona,  Guilleminia,  Loasa,  Ka- 
geneckia,  Negretia,  Amicia,  Perottetia,  Bulongea,  Laplacea,  Freziera, 
Abatia,  Monnina. 

Predominant  trees  and  shrubs.— Oreodoxa  fngida,  Ceroxylon  andicola, 
Podocarpus  taxifolia,  Salix  Humboldtiana,  Quercus  Humboldtiana,  Q. 
almaguerensis,  Q.  tolimensis,  Ficus  velutina,  Rhopala  cordifolia,  Oreo- 
callis grandiflora,  Persea  laevigata,  P.  Mutisii,  P.  sericea,  Ocotea  mollis, 
0.  sericea,  Vaccinium  caracasanum,  Andromeda  bracaniorensis,  Befaria 
glauca,  B.  ledifolia,  Cinchona  Condaminea,  C.  cordifolia,  C.  oblongifolia, 
C.  lancifoha,  &c,  Weinmannia  elliptica,  W.  Balbisiana,  &c,  Osteomeles 
glabrata,  Eubus  floribundus,  Bex  bumeloides,  I.  myricoides,  Clusia  el- 
Hp  tica. 

Cultivated  plants.— -The  tropical  cultivated  plants  mentioned  under  15 
almost  entirely  disappear ;  Maize  and  Coffee,  however,  are  cultivated  in 
this  region ;  after  these  come  the  European  cereals  and  fruits,  Potatoes, 
and  Chenopodiuni  Quinoa. 

18.  Region  of  Escallonice  and  Calceolaria  {Ruiz  and  Pavon's  Region). 
Altitude,  9000-18,000  feet.    Mean  temperature,  59°-34°  Fahr. 

Character. — The  tropical  forms  have  disappeared  almost  entirely,  but 
the  following  genera  still  occur : — Tillandsia,  Oncidium,  Peperomia, 
Ehexia,  Passiflora.  The  forms  which  characterize  the  colder  temperate 
and  the  polar  zones  become  more  common:  Eichenales,  Musci,  Carex, 
Luzula,  Alnus,  Rumex,  Plantago,  Gentiana,  Swertia,  Vaccinium,  Cam- 
panula, Cacalia,  Senecio,  "Urnbelriferte,  Valeriana,  Saxifraga,  Ribes,  Rubus, 
Alchemilla,  Caryophyllaceae  (Sagina,  Arenaria,  Cerastium,  Stellaria),  Cru- 
ciferaa  (Draba,  Arabis). 

Predominant  Orders. — Compositas,  Graminaceas,  Ericaceae.  No  large 
trees. 

Characteristic  genera. — Besyeuxia,  Tigridia,  Gardoquia,  Calceolaria, 
Thibaudia,  Lysipoma,  Bamadesia,  Homanthis,  Chuquiruga,  Culcitium, 
Wemera,  BumerilHa,  Escallonia,  Pectophytum,  Klaprothia,  Polylepis. 

Predominant  shrubs. — Alnus  ferruginea,  A.  acuminata,  Vaccinium  acu- 
minatum, V.  empetrifolium,  V.  floribundum,  &c,  Thibaudia  rupestris,  T. 
floribunda,  T.  longifolia,  T.  strobilifera,  Befaria  grandiflora,  B.  coarctata, 
Ribes  frigiduni,  Escallonia  myrtilloides,  E.  tortuosa,  E.  berberidifolia, 
Ilex  scopulorum,  Brymis  granatcnsis. 

19.  West-Indian  (or  Siuartz's)  Region. 
Mean  temperature,  59°-79°  Fahr. 

Character. — The  flora  of  this  group  of  islands  approaches  that  of  the 
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adjacent  continent,  but  is  distinguished  especially  (like  the  Polynesian 
from  the  Indian  llora)  by  the  great  quantity  of  Filices  and  Orch'idaceai. 
In  addition  to  these  Orders,  we  find  among  the  characteristic  forms  the 
following : — 

Genera.— Thrinax,  Epistylium,  Alchomea,  Tanaecium,  Tetranthus, 
Catesbrea,  Belonia,  Portlandia,  Picramnia,  Legnotis,  Lithophila,  Valen- 
tinia,  Hypelate. 

The  following  are  deserving  of  mention  among  the  predominant  trees 
and  shrubs : — Cocos  nucifera,  Pinus  occidentalis,  Laurus,  sp.,  Melastoma, 
sp.,  Myi'tus,  sp.,  Sterculia,  sp.,  Uvaria,  sp. 

Cultivated  jilants  the  same  as  in  15. 


20.  Region  of  Palms  and  Melastomce  {Brazilian  or  Martius's  Region). 


Character. — Probably  tbat  portion  of  the  globe  in  which  the  Vegetable 
Kingdom  presents  the  greatest  profusion  and  variety.  Abundance  of 
genera  and  species,  magnitude  of  individuals,  impenetrable  (prinireval) 
forests,  numerous  cbmbing  and  parasitical  plauts.  Amon«:  the  charac- 
teristic although  not  peculiar  Ordei'3  may  be  named  Palmae,  Haemo- 
doracese,  Gesneracese,  Melastoinacese,  and  Sapindacero ;  the  Vochysiaceaj 
are  peculiar.  The  peculiar  genera  are  too  numerous  to  be  all  mentioned 
here ;  among  those  richest  in  species  are  the 

Genera. — Vellosia,  Barbacenia,  Manihot,  Franciscea,  Ditassa,  Lycno- 
phora,  Diplusodon,  Kiekneyera,  Sauvagesia,  Lavradia. 

Characteristic  genera  and  species,  according  to  the  different  modes  of 
occurrence. — In  the  priniasval  forests :  Palms  of  various  genera,  Thoa, 
Ficus,  Oecropia,  Anda,  Rhopala,  Myristica,  Bignonia,  Theophrasta,  Stifftia, 
Oxyanthus,  Coutarea,  Psychotria,  Bertiera,  Feuillea,  Carica,  Myrtus,  Gus- 
tavia,  Lecythis,  Bertholletia,  Melastoma,  Hynienrea,  Dimorpha,  Tratti- 
niclria,  Pilocarpus,  Trichilia,  Cedrela,  Cupania,  Banisteria,  Hippocratea, 
Caryocar,  Marcgravia,  Olusia,  Calopbyllum,  Sloanea,  Gb'thea,  Lebretonia, 
Abroma,  Oarolinea,  Bixa,  Uvaria. 

In  the  Oatingas  (or  open  woods,  where  the  trees  lose  their  leaves  in  the 
dry  season)  :  Jatropha,  sp.,  Acacia,  sp.,  Mimosa,  sp.,  Cresalpinia  pubescens, 
&c,  Spondias  tuberosa,  Thryallis  brasiliensis,  Chorisia  ventricosa,  Bombax, 
sp.,  Eriodendron,  sp.,  Pourretia  venti'icosa,  Capparis  lineata,  &c,  Anona 


In  the  Campos  (open  treeless  plains):  Panicefe,  Amaryllis,  Alstrce- 
rneria,  Vellosia,  Barbacenia,  Burmannia,  Stelis,  Cnemidostachys,  Rhopala, 
Laurus,  Ocotea,  Gonipkrena,  Lantana,  Echites,  Hancomia  speciosa,  Ges- 
nera,  Lycnophora,  Baccharis,  Vernonia,  Mikauia,  Stevia,  Melastoma, 
Rhexia,*Terminalia  fagifolia,  Gaudichaudia,  Sauvagesia,  Lavradia,  Plect- 

anthera.  .  . 

On  the  sea-coasts:  Cocos  schizophylla,  Diplothemium  maritimuni, 
Eriocaulon,  sp.,  Xyris,  sp.,  Avicennia  tonientosa,  Rhizophora  Maugle, 
Conocarpus  erectus/Laguncularia  racemosa,  Bucida  Buceras. 

Cultivated  plants,  about  as  in  15. 


Mean  temperature,  59°-84°  Fahr. 
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21.  Region  of  shrubby  Composite  {Extratropical  S.- American,  or  St- 

Ililaire's  Region). 
Mean  temperature,  59°-74°  Fahr. 

Character.—  The  tropical  forms  decrease  or  vanish;  extratropical, 
especially  European,  forms  take  their  place :  Eanunculacefe,  Cruciferse, 
Helianthemurn,  Caryophyllaceas,  Lathyrus,  Galium,  Teucrium,  Plantago, 
Carex;  a  few  South- African  forms,  Polygala,  Oxalis,  Gnaphalium.  Ihis 
region  has  more  than  half  its  genera  in  common  with  Europe.  Numerous 
Conipositas ;  many  among  these  shrubby. 

Genera—  Larrea,  Hortia, Diposis,  Boopis,  Acicarpha,  Oortesia,  Petunia, 
Jaborosa,  Tricycla,  Caperonia,  Bipennula.  In  great  part  consisting  of  open 
flat  plains  (Pampas),  over  which  Grasses  and  Thistles  prevail. 

Cultivated  plants.— -Mostly  the  European:  Wheat,  Vine.  The  Peach  is 
very  widely  spread. 

22.  Tlie  Antarctic  Region  (D'  Urville's  Region). 
Mean  temperature,  413-48°  Fahr. 

Character.— Great  resemblance  to  the  North-European  flora  (Eegion  2). 
The  tropical  forms  have  entirely  vanished. 

Predominant  Orders. — Compositre,  Graminacese,  Cariceae,  Musci,  Li- 
chenes.  The  following  are  also  common:  Eanunculaceae,  Crucn'erae, 
Caryophyllaceae,  Kosacese,  UmbelliferEe.  Two-thirds  of  the  genera  in 
common"  with  Europe.  A  slight  approximation  to  South  Africa  (Gla- 
diolus, Witsena,  Galaxia,  Crassula)  and  to  Australia  (Embothrium, 
Ourisia,  Stylidife,  Mniarum). 

Characteristic  genera. — Gaimardia,  Astelia,  Callixene,  Philesia,  Dra- 
petes,  Bcea,  Calceolaria,  Pernettya,  Oligosporus,  Nassavia,  Bolax,  Azorella, 
Donatia,  Acrena,  Hamadryas. 

Predominant  trees  and  shrubs. — Fagus  antarctica,  Salix  magellanica, 
Embothrium  coccineum,  Pernettya  empetrifolia,  P.  mucronata,  Andro- 
meda myrsinites,  Baccharis  tridentata,  Chiliotrichum  amelloides,  Eibes 
magellanicum,  Escallonia  seii'ata,  Fuchsia  coccinea,  Myrtus  nummularia, 
Berberis  ilicifolia,  B.  ineimis,  B.  microphylla,  B.  empetrifolia,  Drimys 
Winteri.    No  cultivation. 

23.  Region  of  Stapelice  and  Mesembryanthema  (S.  African,  or 
Thunberg's  Region). 

Mean  temperature,  64°-73°  Fahr. 

Character. — A  flora  very  rich  in  forms,  but  not  luxuriant ;  no  large  dense 
forests,  or  abundance  of  climbing  plants,  &c. ;  many  succulent  plants. 

Characteristic  Orders. — Eestiacere,  Iridacese,  Proteacefe,  Ericacea?,  Fi- 
coidetc,  Bruniacere,  Diosmete,  Geraniaceaj,  Oxalideas,  Polygalaceaj. 

Genera. — Eestio,  Ixia,  Gladiolus,  Moraa,  Watsonia,  IlEenianthus,  Stru- 
maria,  Agapanthus,  Eucomis,  Massonia,  Strelitzia,  Passerina,  Gnidia, 
Protea,  Luucadendron,  Leucospennum,  Serruraria  (and  many  other  Pro- 
teacea3),Stilbe,Selago,  Stapelia, Erica, Gnaphalium,  Ilelichrysum,  Stobtea, 
Pteronia,  Osteospermum,  Tarchonanthus,  Eelhania,  Gorteria,  Arctotis' 
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Othonna,  Stcebe,  CEdera,  Anthospermum,  Mesernbryanthemum,  Vahlia, 
Liparia,  Borbonia,  Lebeckia,  Raffiiia,  Aspalathus,  Stavia,  Brunia,  Phyliea, 
Diosma,  Pelargonium,  Oxalis,  Sparmannia,  Muraltia,  Polygala,  Pensea, 
Welwitschia. 

Predominant  forms. — On  the  sandy  districts  of  the  coasts:  Stapelia, 
Iridacea?,  Mesernbryanthemum,  Restio,  Diosma.  On  the  mountains: 
Proteacea?,  Erica,  Crassula,  &c.  On  the  dry  plateaux :  Acacia  capensis, 
A.  giraffre,  A.  detinens,  A.  viridamis,  Euphorbia  mauritanica,  E.  tenax, 
Poa  spinosa,  Mesernbryanthemum,  sp.,  Aloe,  Iridacea?,  Erica,  Diosniea?, 
Restio. 

Other  remarkable  species. — Ilremanthus  coccineus,  Amaryllis  toxicaria, 
Testudinaria  montana,  T.  elephantipes,  Podocarpus  elongatus,  Salix 
pariepina,  Protea  mellifera,  P.  grandiflora,  Leucadendron  argenteum, 
Laurus  bullata,  Lycium  tetrandrum,  Olea  similis,  Rhizogum  trichotomum, 
Tarchonanthus  camphoratus,  Stoebe  rhinocerotis,  Crassula  coccinea,  Por- 
tidacaria  afra,  Mesernbryanthemum  edule,  M.  turbinifonne,  Metrosideros 
angustifolia,  Acacia  elephantina,  Zizyphus  bubalina,  Calodendron  capense, 
"Welwitschia  mirabilis,  Succulent  vines  (Vitis),  &c. 

Cultivated  plants. — The  European  cereals,  fruits,  and  esculent  vege- 
tables ;  also  Sorghum  caffroruni,  Batatas,  Plantains,  Tamarind,  Guava, 
Shaddock. 

24.  Region  of  the  Eucalypti  and  Epacrides  (Australian,  or 
R.  Brown's  Region). 

Mean  temperature,  53°-73°  Fahr. 

Character. — One  of  the  richest  and  most  peculiar  floras,  but  without 
any  considerable  profusion  of  vegetation. 

The  characteristic  orders  and  genera  are  —  Xerotes,  Xanthorrhoea, 
Pterostyles,  Casuarina?,  Leptomeria,  Pimelea,  Proteacea?  (Banksia,  Hakea, 
Persoonia,  Grevillea,  Petrophila,  Isopogon,  Dryandra),  Myoporinea?,  West- 
riugia,  Logania,  Mitrasacme,  Epacridacea?  '(Epacris,  Leucopogon,  Sty- 
phelia),  Stackhousiea?,  Sca?volea?,  Goodenoviea?,  Stylidea?,  Eucalyptus, 
Melaleuca,  Leptospermum,  Acacia?  aphylla?,  Platylobium,  Bossia?a,  Dios- 
niea? (Boronia,  Zieria),  Pittosporea?,  Tremandrese,  Pleurandra,  Hibberria. 

Predominant  trees  and  shrubs. — Three-fourths  of  the  forests  are  com- 
posed of  species  of  Eucalvptus,  the  number  of  which  amount  to  more  than 
a  hundred.  Next  to  these  come  Proteacea?,  Epacridea?,  Diosniea?,  Ca- 
suarinse,  and  Acacia?  aphvlla?,  forming  woods  and  "  bush."  Also  Coniferae, 
Araucaria  excelsa,  A.  Bidwilli,  A.  Cunninghamii,  Cookii,  Dacrydiuni 
Franlclinii,  Podocarpus  spinulosa.  _ 

Cultivated  plants— -In  the  European  colonies  the  cereals,  fruits,  and 
vegetables  of  Europe. 

25.  New-Zealand  Region  (Forstcr's  Region). 

Temperate  climate. 

Character.— Tropical  forms  vanish,  or  appear  but  sparingly.  Half  the 
frenera  European.  Approximation  to  Australia  (Pimelea,  Myoporum, 
Epacris,  Styphelia,  Cassinia,  Melaleuca) ;  to  South  Africa  (Gnaphalium, 
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Xeranthemura,  Tetragonia,  Mesembryanthemiun,  Oxalis) ;  to  the  Ant- 
arctic region  (Mniarum,  Fuchsia,  Actena,  Drimys).    Very  many  Ferns. 

Genera. — Phormium,  Pennantia,  Knightia,  Forstera,  Griselinia,  Meli- 
cope,  Dicera,  Plagianthus,  Melictus. 

Characteristic  species. — Oyathea  medullaris,  Gleichenia  furcata,  Dracaena 
indivisa,  D.  australis,  Phormium  tenax,  Areca  sapida,  Dacrydiuni  taxi- 
folium,  Dammara  australis,  Podocarpus  Totarra,  Knightia  excelsa,  Avi- 
cennia  resinifera,  Andromeda  rupestris,  Epacris  juniperina,  &c,  Wein- 
mannia  racemosa,  Tetragonia  expansa,  Fuchsia  excorticata,  Melaleuca, 
sp.,  Dicera  dentata,  D.  serrata. 

Cultivated  plants. — Ai'um  esculentum,  Convolvulus  chrysorhizus,  Phor- 
mium tenax  (New-Zealand  flax),  Paper-mulberry.  In  the  European 
colonies  the  cereals,  fruits,  and  esculents  of  Central  Europe. 


Sect.  4.  Statistics  of  Vegetation. 

Various  authors  have  made  computations  from  existing 
data,  with  a  view  to  ascertain  the  total  number  of  existing  species 
of  Phanerogamia ;  but  as  the  opinions  of  authors  as  to  what  limits 
a  species  are  so  extremely  varied,  it  seems  useless  to  occupy  space 
with  such  speculative  matter.  The  computations  range  from  100,000 
to  300,000  species  and  upwards.  It  is  somewhat  more  easy  to  lay 
down  some  general  statistical  facts  regarding  the  distribution,  and 
particularly  in  reference  to  the  relative  proportions  of  the  more  im- 
portant Classes  and  Orders,  in  different  regions  of  the  globe. 

947.  Materials  are  insufficient  to  enable  us  to  calculate  the 
relative  distribution  of  Cryptogamia  and  Phanerogamia  in  different 
regions.  The  former  appear  to  bear  a  higher  proportion  to  the 
latter  as  we  recede  from  the  equator  to  the  poles ;  but  this  may 
depend  upon  our  better  acquaintance  with  the  Cryptogamic  Floras 
of  the  northern  temperate  regions  than  with  the  Cryptogamia  of  the 
warmer  climates. 

948.  As  regards  the  relative  abundance  of  Monocotyledons  and 
Dicotyledons  in  different  latitudes,  it  is  generally  agreed  that  the 
proportion  of  Monocotyledons  to  Dicotyledons  increases  from  the 
equator  towards  the  poles,— a  retrogression  of  the  proportional 
number  taking  place,  however,  in  the  icy  regions  of  the  poles  and  on 
alpme  summits.  As  a  rule  also,  closely  connected  with  the  above 
statements,  Monocotyledons  are  more  predominant  in  proportion  to 
the  greater  moisture  of  a  climate. 

949.  Probably  no  Orders,  except  the  Leguminosa3  and  the  Com- 
positas,  contain  a  number  of  species  amounting  to  5  per  cent,  of  the 
total  number  of  Phanerogamic  species.  Thus  the  existence  of  species 
of  one' Order  in  any  region  exceeding  in  number  5  per  cent,  of  all 
the  species  found  there,  indicates  a  predominance  of  that  Order  If 
such  predominance  occur  only  in  one  region,  the  Order  becomes 
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characteristic  of  tnut  region  ;  if  such  predominance  of  the  same  Order 
occur  in  many  regions,  it  indicates  wide  diffusion  of  that  Order. 

.  a1Tei7  long  list  of  Floras,  from  all  parts  of  the  globe,  compared  by 
Alph.  De  Candolle,  it  was  found  that  only  35  Orders  of  Phanero°-amia 
formed  more  than  5  per  cent,  in  any  one  or  several  regions. 

The  Orders  which  presented  in  one  or  but  a  few  floras  from  10  to  19 
per  cent,  of  the  Phanerogamic  species  were : — 

Caryophyllacere  . .  Spitzbergen  (14±  per  cent.). 

Crucifeias    Spitzbergen  (19),  and  Melville  Island  (13*). 

Legunnnosaj    Almost  all  intertropical  and  subtropical  regions. 

Rubiaceae    Sierra  Leone  (10). 

Proteacese    Australia  (11|). 

Melastomacese    . .  West  coast  of  tropical  America  (Hi),  Brazil  (?). 

Saxifragacese   Spitzbergen  (14*),  Melville  Island  (15). 

Solanacese    Ascension  (13)  (naturalized). 

Myrtacese    Brazil  (?). 

Cyperacese   Lapland  (13),  Iceland  (11),  Brocken  (12). 

Orchidacea3   New  Guinea  (1(5*),  Java  (10),  Mauritius  (11*), 

S.  Mexico  (10). 

Of  Orders  ordinarily  exceeding  10  per  cent,  of  a  flora, — 

Graminacea?  constituted  18  per  cent,  in  Spitzbergen ;  21  in  Melville 
Island;  27  in  Kerguelen's  Land.  Composite,  18*  per  cent,  in  California 
and  Mexico ;  19  in  the  Malouines ;  21  in  Chili ;  22  at  Quito ;  25  in  the 
S.  of  Buenos  Ayres ;  27  in  Juan  Fernandez. 

Orders  with  more  than  30  per  cent,  occurred  in  exceptional  localities, 
viz.  Composite  (38£)  in  the  elevated  parts  of  Chili,  and  Cyperacese  (33*J 
at  Tristan  dAcunha. 

950.  Certain  Orders  predominate  in  particular  latitudes,  without 
being  in  their  nature  characteristic  of  those  latitudes. 

Thus,  while  in  some  regions  of  the  tropical  zone  the  Palms.  Zingi- 
beraceae,  Marantacese,  Melastomacere,  Malpighiaceaj,  &c.  are  really  cha- 
racteristic, the  predominant  species  of  the  tropical  floras  are  not  mem- 
bers of  such  Orders  as  Lauracere,  Menispermacere,  Anonacea?,  Bombacere, 
which  have  their  maximum  in  hot  climates,  but  belong  to  the  Leguini- 
uosre,  Graminaceae,  and  Composite,  which  exceed  10  per  cent,  generally 
in  the  tropics :  the  Orchidaceas  and  Cyperacea?  follow  next,  thou  Eu- 

Shorbiacese,  Urticacese,  Melastomacere,  and  Serophulariaceaj ;  of  which, 
Telastomacere  alone  belong  exclusively  to  hot  regions. 
Other  Orders  occurring  in  many  tropical  floras,  but  forming  less  than 
5  per  cent,  of  the  species,  are : — 

Convolvulacere,  Malvaceae,  Piperacea?,  Zingibcracea?,  and  Marantacea?, 
Solanaceaj,  and  less  commonly  Acanthacea\  Amentaceaj,  Apocvnacete, 
P.ignoniacea?,  Boraginaceaj,  Capparidacea?,  Cucurbitaceaj,  Gentianacero, 
Labiatas,  Lauracere,  Loranthacenc,  Malpighiacea:,  Myrtncere,  Umbollifene, 
Palmacere,  Passifloracere,  Rosacea?,  Rutacea?,  Anacardiacere,  and  Yer- 
benaceaj. 
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The  Ferns  are  likewise  exceedingly  predominant  in  species  in  the 
islands  of  the  tropics  (16,  21,  26  per  cent.). 

In  northern  temperate  latitudes  (from  the  tropic  to  60°  N.  lat.),  again, 
Composite,  Graminaceaa,  Cyperaceee,  and  LeguniinosEe  predominate  in 
species ;  the  Cyperacere  increasing-  northward,  the  Leguniinosaa  rapidly 
decreasing  (Granada  8  per  cent.,  Yorkshire  4f  per  cent.).  Next  follow 
Cruciferaa,  Umbelliferse,  and  Caryophyllacea? ;  then  Labiate,  Rosacea?, 
and  Scrophulariaceae.  No  other  Orders  exceed  5  per  cent,  of  the  species, 
and  only  attain  this  in  exceptional  localities. 

In  the  northern  zone  beyond  60°  N.  lat.,  the  species  predominating  north- 
wards are  Graminacere,  Oruciferas,  Saxifragacea?,  Caryophyllaceae,  Ra- 
nunculacere,  Rosacea?,  Oyperaceae  (5-7  per  cent.).  Composita?  form  7  per 
cent,  in  Melville  Island,  but  only  4-5  per  cent,  in  Spitzbergen.  Amen- 
tiferce  (Betulaceaa,  Salicacese,  &c.)  and  Juncaceaa  barely  reach  5  per  cent. ; 
Polygonaceaa,  Ericaceae,  and  Scrophulariaceae  approach  this  number,  but 
are  mostly  below  it. 

In  the  south  temperate  zone  we  find  two  classes  of  regions,  one  dry,  the 
other  with  a  damp  climate.  The  former  comprehends  the  Cape  of  Good 
Hope,  Australia,  Chili,  and  La  Plata.  Composite  predominate  at  the 
Cape  and  in  America,  but  in  Australia  fall  to  7  per  cent.  Leguminosae, 
on  the  contrary,  make  but  7  to  12  per  cent,  in  America  and  at  the  Cape, 
but  14  per  cent,  in  Australia.  The  Grasses  are  not  more  than  3  to  6  per 
cent,  anywhere,  and  the  Cyperaceaa  still  fewer. 

The  Cape  and  Australia  have,  however,  certain  especially  abundant 
Orders ;  thus  Proteaceae  form  2  to  6  per  cent,  at  the  Cape,  8-12  per  cent, 
in  Australia;  Myrtacea?  9  per  cent.,  and  Epacridaceaa  4-5  per  cent,  in 
Australia ;  Iridacere  4-6  per  cent.,  Liliacese  4-5  per  cent.,  and  Ericaceae 
2-6  per^  cent,  at  the  Cape ;  Stylidiaceaa  and  Goodeniaceae  are  especially 
Australian. 

In  the  moist  regions,  comprising  parts  of  the  African  coast,  Tasmania, 
New  Zealand,  Island  of  Chiloe,  &c,  the  Grasses  and  Compositse  increase  in 
departing  from  the  tropics ;  Cyperacese  rise  to  4-8  per  cent. ;  Orchidaceae, 
45-8|  per  cent. ;  and  Ferns  are  very  numerous  in  the  islands.  Restiaceae 
increase  in  Tasmania,  but  Proteaceae,  Leguniinosse,  with  Stylidiacea?, 
Goodeniacese,  &c.  decrease.  The  proportions  in  the  southern  extremity 
of  America  approach  those  of  the  temperate  and  moist  regions  of  the 
northern  hemisphere. 

As  a  general  statement,  it  may  be  said  that  of  the  three  most  fre- 
quently predominating  Orders,  Leguminosas  are  diminished  in  propor- 
tion to  temperature,  the  Composite  are  lessened  by  combined  cold  and 
humidity,  and  the  Graminaceae  are  least  predominant  where  the  climate 
is  dry. 
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CHAPTER  III. 

BOTANICAL  GEOLOGY. 

Sect.  1.  Nature  and  Importance  of  Fossil  Plants. 

951.  Remains  and  traces  of  plants  are  met  with  in  most  of  the 
stratified  rocks  which  have  been  produced  by  successive  geological 
changes  of  the  earth's  surface.  These  remains  afford  an  indication, 
more  or  less  perfect  in  different  cases,  of  the  nature  of  the  vegetation 
which  has  existed  in  earlier  periods  of  the  world's  history.  Vege- 
table remains  found  imbedded  in  geological  formations  are  called 
fossil  plants  ;  and  the  condition  in  which  these  fossils  occur  are  ex- 
ceedingly varied,  both  as  to  the  nature  of  the  substance  preserving 
the  vegetable  forms,  and  the  degree  of  perfection  of  the  forms  pre- 
served. 

The  principal  kinds  of  fossils  may  be  classed  as  follows  : — 1.  Petrified 
plants,  in  which  the  structures  of  plants  have  been  more  or  less  completely 
impregnated  with  mineral  matter,  hardening  them  into  a  stony  mass. 
They  present  various  modifications,  in  which  more  or  less  of  the  organic 
matter  remains,  completely  impregnated  with  mineral  substances,  or 
where  the  mineralization  is  so  complete  that  the  organic  substance  has 
totally  disappeared.  The  mineral  substance  of  such  fossils  is  different 
in  different  cases.  Silicified  remains  are  the  most  common ;  fossils  im- 
pregnated with  carbonate  or  sulphate  of  lime  abound  in  other  strata, 
while  fossils  of  dense  or  earthy  ironstone,  argillaceous  ironstone,  and, 
lastly,  iron-pyrites  are  frequent  in  particular  rocks ;  impregnations  with 
rock-salt,  oxide  of  copper,  alumina,  &c.  are  rarer. 

2.  Coal,  where  the  vegetable  substance  is  more  or  less  completely  con- 
verted into  a  solid,  black,  combustible  carbonaceous  substance,  of  stone- 
like aspect.  This  occurs  in  almost  every  possible  modification,  in  masses 
or  in  the  form  of  isolated  plants  or  organs  of  plants,  from  the  solid  stony 
anthracite  to  the  brown  coal  or  lie/nitc,  which  preserves  the  organic  texture 
and  is  recognizable  at  first  sight  as  vegetable  matter.  Coal-beds  are 
formed  through  the  accumulation  of  vast  masses  of  vegetation,  and  their 
conversion  through  pressure  aud  chemical  changes  into  solidrnasses ;  but 
leaves,  stems,  or  parts  of  stems,  sucli  as  layers  of  bark,  fruits,  &c,  con- 
verted into  coal,  are  found  isolated  in  strata  of  various  composition. 
With  these  last  are  intimately  connected  the  numerous  fossils  which  are 
true  petrifactions,  but  have  the  organic  matter  preserved  in  the  mineral 
substance  in  the  condition  of  coal,  giving  a  coal-like  aspect  to  the  fossil. 

3.  Impressions  or  natural  casts  of  plants  or  orgnns  of  plants,  which  have 
been  formed  by  the  vegetable  objects  being  incrusted  by,  or  imbedded  in, 
mineral  substance  and  decaying' subsequently  to  the  solidification  of  the 
enclosing  substance ;  the  cavity  left  by  the  decayed  vegetable  may  be 
filled  up  by  the  same  or  a  different  mineral  substance ;  and  casts  of  the 
internal  parts  of  stems  &c.  are  met  with,  from  (he  penetration  of  the 
mineral  matter  into  cavities  formed  by  the  quicker  decay  of  succulent 
structures,-  such  as  pith. 
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4.  Ob/ects  contained  in  amber,  the  fossil  resin  of  a  Pine,  -which  has 
accidentally  enclosed  various  vegetable  and  animal  bodies  which  it  flowed 
over  while"  liquid.  The  objects  are  sometimes  thoroughly  impregnated 
with  amber,  like  microscopic  objects  enclosed  in  Canada  halsam,  these 
having- been  enclosed  in  a  dead  or  dry  condition  ;  in  other  cases,  where 
fresh  organs  have  been  enclosed,  hollow  casts  only  are  found,  the  en- 
closed matter  having  been  more  or  less  decomposed. 

952.  The  study  of  vegetable  fossils  is  far  less  satisfactory  than 
that  of  animal  remains,  since,  in  the  great  majority  of  cases,  the 
structures  most  distinctive  of  the  subordinate  groups  of  plants  are 
formed  of  very  perishable  matter.  Genera,  and  even  species,  of 
animals  may  be  recognized  by  bones  and  shells,  which  are  of  a  very 
persistent  nature,  and  are  found  abundantly  in  stratified  rocks.  The 
preservation  of  fossils  can  only  have  occurred  through  the  agency 
of  water,  impregnated  with  mineralizing  matter,  or  loaded  with 
mud  which  enclosed  the  remains  :  the  vegetable  bodies  which  can 
resist  the  long-continued  action  of  water  are  few ;  and  these  mostly 
afford  only  characters  of  large  sections  of  the  vegetable  kingdom, 
without  furnishing  generic,  far  less  specific  distinctions.  Added  to 
the  fragmentary  character  of  the  fossils  known,  those  kinds  hitherto 
found  possibly  only  represent  partially  prevailing  forms  of  vegeta- 
tion. 

953.  Attempts,  however,  have  been  made,  by  combining  the 
conclusions  of  stratigraphical  geology  and  animal  palaeontology  with 
those  of  vegetable  paleontology,  to  form  conceptions  of  the  charac- 
ter of  the  vegetation  of  succeeding  geological  periods.    The  ideas 
obtained  in  this  way,  however,  are  very  superficial  and  exceedingly 
speculative.    Still  there  is  much  that  is  promising  in  the  investiga- 
tions ;  and  the  general  tendency  of  all  the  facts  hitherto  collected  is 
to  indicate  that  there  has  been  a  gradually  increasing  complexity  of 
organization  in  the  plants  successively  created,  that  the  plants  of 
the  earliest  epochs  belong  to  the  lower  Classes,  and  that  the  higher 
Phanerogamia  appeared  only  in  the  later  formations — in  the  last  of 
these  probably  in  smaller  proportion  than  in  existing  vegetation.  In 
the  earliest  formations  (Cambrian,  Silurian,  &c.)  the  few  vegetable 
remains  are  those  of  Algae,  Fucoids,  &c.    In  the  Devonian  and  Carbo- 
niferous periods  vascular  Cryptogams,  Ferns,  Lycopods,  Equiseta 
prevailed.  In  the  Triassic  and  Oolitic  periods  Gymnospermous  plants 
form  a  marked  feature,  also  Conifers,  Cycads,  &c,  with  Tree-ferns 
and  traces  of  Monocotyledon ous  plants.    With  the  Cretaceous  period 
appear  Angiospermous  plants,  beginning  with  a  preponderance  of 
Incompletao,  and  passing  through  Dialypetalro  to  the  more  recent 
formations,  where  Gamopetalons  plants  prevail.    But  in  all  cases 
though  there  is  evidence  of  progress,  there  is  an  overlapping  of  the 
characteristics  of  one  period  by  those  of  another. 
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954.  One  important  point,  however,  must  not  be  overlooked  in 
inquiries  relating  to  this  subject ;  that  is,  the  probability  of  the  co- 
existence of  diversified  local  floras,  as  at  the  present  day,  the  re- 
mains of  which  might,  from  purely  systematic  considerations,  be 
regarded  as  of  different  antiquity. 

In  illustration  of  this,  it  may  be  observed  tbat  tbe  remains  found  in  the 
European  formations  belonging  to  the  epocb  immediately  preceding  the 
present,  offer  a  general  resemblance  to  the  prevailing  forms  of  existing 
North-American  vegetation. 


Sect.  2.  Fossil  Plants  characterizing  particular 
Geological  Formations. 

1.  Flora  of  the  Palaeozoic  Strata. 
A.  Lower  and  Middle  Palaeozoic,  or  Transition  Period. 

955.  Comparatively  few  plants  are  known  in  these  strata,  and  a 
considerable  amount  of  uncertainty  exists  in  reference  to  the  deter- 
mination of  the  fossils.  What  remnants  remain  in  the  Cambrian, 
Silurian,  and  Lower  Devonian  series  are  apparently  those  of  marine 
Alga3.  In  the  more  recent  deposits  of  this  age,  Ferns,  Calamites, 
and  Conifers  are  found. 

B.  Upper  Palaeozoic,  or  Carboniferous  System. 

956.  The  known  floras  of  this  system,  remarkable  for  the  pre- 
sence of  the  great  coal-beds  of  Europe,  afford  a  very  large  number 
of  species,  in  which  there  is  a  continued  great  predominance  of  the 
Leafy  Cryptogamia  (Ferns  &c). 

The  principal  characteristics  revealed  here  are  the  absence  of 
Dicotyledons,  the  paucity  of  Monocotyledons,  the  predominance  of 
the  Ferns  and  allied  Classes,  and  of  certain  plants  of  organization 
not  met  with  in  existing  vegetation,  referred  by  some  authors  to  the 
Class  of  Gymnosperms,  by  others,  and  probably  more  correctly,  to 
the  vicinity  of  Lycopodiaceae  &c.  Conifers  and  Cycads  begin  to 
appear,  with  Stigmarias,  Sigillarias,  Lepidoclenclron,  &c.  _  The  general 
character  of  this  flora  is  very  monotonous,  and  alike  in  character 
from  the  poles  to  the  equator. 

This  flora  disappears  almost  entirely  in  the  next  System. 

C.  Permian  System. 

957.  The  fossils  of  these  strata  afford  only  fragmentary  repre- 
sentatives of  the  Carboniferous  flora,  most  of  the  characteristic  genera 
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having  disappeared.  The  Orders  are  much  the  same,  but  less  nu- 
merously represented  by  species.  Silicified  coniferous  wood,  Ferns, 
and  Alga3  are  found,  and  also  evidence  of  the  existence  of  Palms. 

2.  Flora  of  the  Mesozoic,  or  Secondary  Strata. 

A.  Triassic,  or  New  Red  System. 

958.  In  the  "Variegated  Sandstone"  strata  of  this  formation, 
comparatively  few  species  have  yet  been  observed.  The  Carboni- 
ferous species  have  disappeared ;  Ferns  still  predominate,  and  exhi- 
bit peculiar  forms ;  Conifers  ( Voitzia,  Haidingera)  are  abundant ; 
Cyeadeae  rare,  and  a  few  doubtful  Monocotyledons  (Yuccites,  Palce- 
oocyris)  occur.  In  the  "Keuper  "  Sandstones,  with  a  general  analogy 
in  the  proportion  of  Orders,  except  that  Coniferae  are  rare  and  Cy- 
cadaceae  abundant,  the  genera  of  Ferns  and  allied  Orders  are  mostly 
distinct  from  those  of  the  Yosgesian,  or  "  Variegated"  Sandstones. 

B.  Liassic  System. 

959.  The  essential  characters  of  this  epoch  are  the  great  pre- 
dominance of  Cyeadeae,  which  here  appear  in  several  new  genera, 
and  the  existence  of  Ferns  with  more  highly  organized  foliage  than 
that  of  the  genera  of  older  formations.  Alga3,  Fungi,  Lichens,  Lyco- 
pods,  and  Conifers  also  existed  at  this  period. 

C.  Oolitic  System. 

960.  The  nature  of  the  strata  referable  here  is  very  diverse  ;  the 
general  character  of  the  fossil  vegetation  consists  in  abundance  of 
Ferns  proper,  and  of  Cyeadeae,  especially  of  those  genera  (Zamites 
and  Otozamites)  approaching  nearest  to  existing  forms,  and  the 
greater  frequency  of  the  Coniferae,  Brachyphyllum  and  Thuytes,  than 
in  the  Lias.  Algae,  Marsileas,  Lycopods"  are  also  found.  There  are 
a  large  number  of  known  species. 

D.  Wealden  System. 

961.  This  formation,  remarkable  as  a  freshwater  product,  has 
afforded  comparatively  few  species  of  plants,  mostly  congeneric, 
although  specifically  distinct  from  those  of  the  Lias ;  but  the  pro- 
portion of  the  Cycadaceae  to  the  Ferns  is  smaller.  Equisetum  and 
Chara  are  represented. 

E.  Cretaceous  System. 
_  962.  In  this  formation  we  are  at  once  struck  with  the  diminu- 
tion of  Ferns,  Equisetaceae,  and  allied  forms,  the  reduction  of  the 
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species  of  Gyninosperms,  and  the  appearance  of  Angiospermous 
Phanerogamia,  chiefly  dicotyledonous  (Betula,  Myrica,  Salix,  &c), 
though  traces  of  Palms  and  Grasses  have  been  met  with.  The 
Cycadaceae  are  still  numerous ;  but  they  and  the  Conifera  do  not 
more  than  equal  the  Dicotyledons.  The  genus  Credneria,  supposed 
to  belong  to  the  last  class,  is  very  characteristic  of  the  Chalk  forma- 
tion.   The  Ferns  and  Equisetacese  almost  disappear. 

3.  Floras  of  the  Tertiary  System. 

963.  The  floras  of  this  system  form  a  more  or  less  connected 
whole,  which  is  continued  in  the  later  strata  into  existing  vegeta- 
tion. They  are  especially  distinguished  from  those  of  older  epochs 
by  the  abundance  of  Angiospermous  Phanerogamia,  Dicotyledons, 
and  Monocotyledons — above  all,  Palmaceae.  But  a  sort  of  transition 
takes  place  from  the  Cretaceous  period  to  the  Eocene.  Li  this 
system,  however,  the  proportion  of  Gymnosperms  rapidly  decreases, 
and  the  Cycadaceae  disappear  from  Europe,  while  the  Conifers  ap- 
proach the  character  of  the  existing  genera  of  temperate  regions. 

A.  Eocene  Flora. 

964.  The  distinctive  characteristics,  as  compared  with  other 
epochs,  are  the  presence,  though  rare,  of  Palmaceae,  the  comparative 
abundance  of  Algae  and  marine  Monocotyledons  (Caulinites,  Zoste- 
rites,  &c),  and  the  existence  in  Europe  of  numerous  now  exotic 
forms,  especially  represented  by  the  fossil  fruits  of  the  Isle  of 
Sheppey,  the  Barton  Bed  in  the  Isle  of  Wight,  &c.  Though  less 
rich  than  the  Miocene,  these  formations  include  a  large  number  of 
species  of  an  Australian  or  Indo-Asiatic  type.  Leguminosae  of  the 
suborder  Coesalpinieae  occur. 

B.  Miocene  Flora. 

965.  A  very  rich  flora.  No  less  than  900  species  (?)  have  been 
detected  in  one  locality  in  Switzerland  by  Heer.  The  Australo- 
Indian  forms  give  place  to  plants  of  an  American  type,  resembling 
the  existing  vegetation  of  the  United  States,  Mexico,  and  Japan. 
One  of  the  most  striking  features  is  the  abundance  of  Palmaceos, 
too-ether  with  Monopctalous  Dicotyledons,  especially  a  supposed  Eu- 
biaccous  genus,  Steinhaucra.  The  list  of  fossils  contains  also  a  Bam- 
basa  Lauraccee,  Combretaceee,  Leguminosae,  Apocynaceae,  belonging 
to  warm  climates,  with  many  Amentaceous  trees,  Aceracere,  Pro- 
teacea),  and  other  plants  now  belonging  to  temperate  regions.  Nu- 
merous vegetable  remains  occur  in  beds  of  this  formation  at  Bovey 
Traccy,  Devonshire,  and  in  the  Isle  of  Wight. 
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C.  Pleiocene  Flora. 

966.  The  Dicotyledons  predominate,  and  are  most  varied,  as  in 
existing  vegetation;  the  Monocotyledons  are  rare;  and  the  Pamiaceae 
of  the  preceding  epochs  are  wanting.  The  general  analogy  of  the 
flora  is  with  those  of  the  temperate  regions  of  Europe,  North  Ame- 
rica, and  Japan  at  the  present  day.  According  to  the  determina- 
tions made  by  palaeontologists,  many  existing  genera  are  repre- 
sented, snch  as  Taocodium,  Salisburia,  Cyperaceae,  Comptonia,  Thy- 
melaceae,  Santalaceae,  Liquidambar,  Nyssa,  Robinia,  Gleditschia,  Bau- 
hinia,  Cassia,  Acacia,  Rhus,  Juglans,  Ceanothus,  Celastrus,  Sapinclus, 
Liriodendron,  Capparis,  Sideroceylon,  Achras,  Symplocos,  Cornaceae, 
Myrtacese,  Pomaceae,  Tiliaceae,  Magnoliaceae,  tfce.  This  list  includes 
especially  modern  North-American  genera,  which  existed  at  that 
time  in  Europe  (§  954) .    Quercus  Acer  &c.  appeared  then  as  now. 

D.  Pleistocene  Deposits. 

967.  The  glacial  drift  and  the  diluvial  deposits  belonging  to  this 
group  afford  hardly  any  recognizable  vegetable  remains,  beyond 
fragments  of  fossil  wood  of  Conifera?,  met  with  occasionally  in  con- 
nexion with  the  bones  of  extinct  Mammalia,  and  in  a  few  lignite 
beds. 

The  flora  of  the  glacial  period  still  exists  in  Alpine  districts. 

4.  Floras  of  Early  Formations  of  the  Present  Geological  Period. 

968.  The  formations  referable  to  this  group  consist  chiefly  of 
freshwater  calcareous  deposits  (tufa),  the  older  peat-bogs,  and  forests 
now  buried  or  submerged  beneath  the  sea. 

969.  The  remains  existing  in  calcareous  tufa  have  not  yet  been 
well  investigated,  partly  because  the  beds  are  not  greatly  developed 
in  most  countries,  and  partly  because  they  usually  contain  only  casts 
of  vegetable  structure,  produced  through  incrustation.  As  far  as 
we  know,  the  plants  are  similar  to  those  of  the  existing  floras  of  the 
regions,  with  a  few  exceptions. 

970.  The  old  peat-bogs,  especially  of  Northern  Europe,  often 
contain  vast  quantities  of  recognizable  vegetable  remains,  belonging 
to  species  no  longer  growing  in  the  same  spots,  but  found  further 
south,  as  remains  of  Corylus,  Pinus  Picea,  &c.  in  the  Shetland 
Islands,  of  Oaks,  Maples,  Limes,  Ash,  &c.  in  Sweden,  beyond  the 
present  limits  of  those  plants. 

971.  Eemains  of  forests  formed  of  still  existing  species  occur  in 
many  parts  of  Europe,  enclosed  in  diluvial  beds.  The  city  of  Breslau 
stands  on  the  site  of  an  ancient  forest,  whence  the  trunks  of  Quemcs 
pedunculata  are  dug  out;  the  same  is  the  case  with  the  city  of 


670 


GEOGRAPHICAL  AND  GEOLOGICAL  BOTANY. 


Bamberg,  whoro  tho  trunks  of  trees  of  great  diameter  have  been 
found  in  excavations  for  railways  &c.  Similar  trunks  of  Oak  are 
occasionally  dug  out  of  the  diluvial  beds  in  England,  as  in  the  upper 
part  of  the  valley  of  the  Medway. 

972.  Submarine  forests  are  known  to  exist  off  many  points  of 
the  British  coast  and  the  west  coast  of  France ;  wood  obtained  from 
a  large  submerged  bed  off  the  coast  of  Pembrokeshire  is  found  to 
consist  of  Oak  and  Alder,  and  the  wood  of  Pinus  sylvestris ;  the 
Oak,  Elm,  Hazel,  Walnut,  &c.  are  found  in  the  British  Channel. 

These  facts,  together  with  the  analogous  but  more  complete  evi- 
dence derived  from  animal  remains,  show  a  gradual  transition  from 
the  Tertiary  to  the  present  geological  epoch. 
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BOTANICAL  NAMES  OF  CLASSES,  ORDERS,  AND  GENERA,  AND  THE  VERNA- 
CULAR NAMES  OF  SPECIES,  REFERRED  TO  IN  PART  II.  OF  THIS  WORK. 


Abele,  356. 

Abies,  Tournef.  404. 

Abietine^;,  404. 

ABOBREiE,  280. 
Abroma,  Jaeq.  225. 
Abrus,  Z.  258. 
Acacia,  Willd.  256. 
Acalypha,  Z.  347. 

ACANTHACEiE,  329. 

Acanthodiuni,  Del.  329. 
Acanthus,  Z.  329. 
Acer,  Z.  234. 
Acera,  211. 
acerace.e,  234. 
Achillea,  Neck.  298. 
Achimenes,  P.  Br.  331. 
Achlya,  Nees,  437. 
Achyranthes,  Z.  338. 
Aconitum,  Tournef.  198. 
Acorus,  Z.  370. 

ACRAMPHIBRYA,  193. 
ACROBRYA,  192. 

Acrochisma,  Hook.  fil. 
423.  J 

ACROGENS,  193. 

Acrostichum,  Z.  416. 
Actrea,  Z.  198. 
Actinocarpus,  H,  Br. 
393. 

Adansonia,  L.  224. 
Aclenanthera,  L.  266. 
Adhatoda,  Nees,  329. 
Adiantum,  L.  416. 
Adonis,  DC.  198. 
Adoxa,  L.  290. 
/Echmea,  R.  $  P.  391. 


iEcidiuni,  Gmel.  452. 
/Egicerace^e,  311. 
^Egle,  Corr.  239. 
J^gopodium,  L.  288. 
Aerides,  Lour.  382. 
Aerophyta,  441. 
iEschynanthus,  Jack, 
331. 

jEsculus,  L.  233. 
^thusa,  L.  288. 
African  Hemp,  377. 
Agapanthus,  Herit. 
375. 

Agaric ACEiE,  448. 

AGARICIEiE,  449. 
Agaricus,  L.  449. 
Agathotes,  Bon,  316. 
Agave,  L.  388. 
Agrostis,  Z.  397. 
Ailanthus,  Desf.  247. 
Aizoon,  Z.  275. 
Ajuga,  Z.  327. 
265. 

Alangiaceje,  268. 
Alangium,  Z.  268. 
Alchemilla,  Tournef. 

262. 
^4M«-,  356. 

Aldrovanda,  M onti,  218. 
Aletris,  Z.  389. 
Aleurites,  Zb?-s£.  372. 
Alexanders,  289. 
ALGiE,  428. 
Alr/aroba,  258. 
Ali.sma,  Jwss.  393. 
Alismace2e,  303. 


Alisme^;,  393. 
Alkanet,  325. 
Allamanda,  Z  317. 
Allium,  Z.  375. 
Allosorus,  Bernli.  416. 
Allspice,  264. 
Almond,  263. 
Alnus,  Z.  355. 
Aloe,  Tournef.  375. 
^4foes,  376. 

Aloes-wood,  259,  345. 
Alopecurus,  Z.  397. 
Alpinia,  Z.  385. 
Alsine,  Wahlenb.  222. 
Alsine^!,  222. 
Alsodeia,  Thouars,  219. 
Alsophila,  i?.  ZV.  416. 
Alstrcemeria,  Z.  388. 
Alstrojmerie^!,  388. 
Althjea,  Z.  224. 
ALTIXGIEiE,  286. 
Alum-root,  242. 
Alyssum,  Z.  214. 
Amadou,  451. 
Amarantace.^:,  338. 
Amaranths,  338. 
Amara.ntus,  Z.  338. 

AMARYLLEiE,  388. 

Amaryllidace^e,  388. 
Amaryllids,  388. 
Amaryllis,  Z.  388. 
Ambrosinia,  Z.  371. 
American  Aloe,  389. 
Amlierstia,  ir 255. 
Ammannia,  Iloust.  271. 
Ammi,  Tournef  288. 
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Ammoniacum,  289. 
Amomum,  X.  385. 
Ami'IIIRRYA,  193. 

Amygdaleje,  261. 

Aw  YRIDACE2E,  253. 

Amyris,  X.  253. 

ANACARP-IACEiE,  252. 

Anacyclus,  Bert.  298. 
Anagallis,  Tournef.  310. 
Anainirta,  Coleb.  '208. 
Ananassa,  Xt«f7/.  391. 
Anandria,  Siegesb.  299. 
Anckusa,  X.  325. 
Andrsea,  Mr.  423. 

ANDRjEACEiE,  423. 

Andromeda,  X.  304. 
Andropogon,  X.  397. 
Anemone,  Holier,  198. 
Anemones,  198. 
Angelica,  Hoffm.  288. 
Angelica,  289. 
Angiopteris,  Hoffm .  417. 
Angiospermia,  195. 
Angiospor.e,  410. 
Angostura  bark,  246. 
Anguria,  X.  280. 
Anime,  259. 
Anise,  289. 
Annatto,  217. 
Anona,  X.  202. 
Anonace^e,  202. 
Antennaria,  Corda,  453. 
Antennarieje,  453. 
Antliemis,  X>C.  298. 
Anthistiria,  399. 
Anthocerote2e,  424. 
Antlioxanthum,i.  397. 
Antidesma,  X.  352. 
Antirrhinum,  X.  333. 
Apeiba,  L.  227. 
ApiACEiE,  286. 
Apium,  Hoffm.  288. 
APOCYNACEiE,  316. 
Apocynum,  Tournef. 
317. 

Aponogeton,  Thunb. 
394. 

APOSTASIACEJE,  3S4. 

^yfc,  203. 
Apricot,  263. 

AQUIFOLIACEiE,  313. 


Acmilaria,  Lam.  345. 

AQUILARIACEiE,  345. 

Aquilegia,  Tournef.lQQ. 
Arabia,  X.  141. 
Arace^e,  370. 
Arachis,  X.  255. 
Alalia,  X.  290. 
Araliaceje,  290. 
Araucaria,  Juss.  404. 
Arbor-rites,  406. 
Arbre  du  Voyageur,  388. 
Arbutus,  Tournef.  304. 
Arcliangelica,  Hoffm. 
288. 

Arctium,  Xa??j.  298. 
Arctostapbylos,  Allans. 

304. 
Areca,  X.  365. 
Arenaria,  X.  222. 
Argemone,  Tournef '.208. 
Aristolockia,  Tournef. 

362. 

Aristolochiace^;, 

362. 
Arnica,  X.  298. 
Aroide^j,  370. 
Arracacha,  241. 
.4?ro?tf-roo!l,  386,  409. 
Arrow-root,  Portland, 

371,  385. 
Artantbe,  My.  358. 
Artemisia,  X.  298. 
Artichoke,  300. 

ARTOCARPACEiE,  351. 

Artocarpus,  X.  351. 
Arum,  X.  370. 
Arundo,  X.  400. 
Asafcetida,  280. 
Asagrasa,  Lindl.  378. 
Asarum,  Tournef.  362. 
ASCLEPIADACEiE,  317. 
Asclepias,  X  318. 
yls/t,  306. 
Asparagus,  X.  375. 
Asparagus,  377. 
Aspergillus,  J/f'e/i.  453. 
Asperula,  X.  294.^ 
Asphodelus,  X.  375. 
Aspidium,  Stcartz,  416. 
Asplenium,  X.  416. 
^ssam  230. 


Aster,  Nces,  298. 
ylalw,  301. 

AsTERACEiE,  297. 

Asteranthos,  Desf.  266. 
Astragalus,  X.  255. 
Astrantia,  Tournef.  287. 
Astroloma,  J?.  J?r.  305. 
Atherospermace;e, 
341. 

Atriplex,  X.  339. 
Atropa,  X.  323. 
Atropaceje,  323. 
Attalea,  H.  B.  K.  365. 
Attar  of  Roses,  263. 
Aubergine,  324. 
Aubrietia,  Adans.  214. 
Aucuba,  77<wm&.  291. 
Aurantiace.e,  239. 
Auricula,  310. 

AtTRICULARIE-33,  450. 

Australian  Tea,  246, 

265.  _ 
Australian  Currants, 

295. 

Autumn  Crocus,  378. 
./ba,  358. 
AYena,  X.  397. 
Arerrhoa,  X.  241. 
Avicennia,  X.  328. 
Avocado  Pear,  341. 
Axogamia,  420. 
Ayer-Ayer,  238. 
Azalea,  X.  304. 
Azolla,  411. 

Breckia,  X.  264. 
Bajree,  399. 
Balanopbora,  .Fws^. 
360. 

Balanophoraceje, 

360. 
Ballota,  X.  327. 
Balm,  328. 
Xn/wi  o/  Gilcad,  254. 
Xa/m  of  Mecca,  254. 
Balsaminace;e,  243. 
Balsamodendrou, 

Kunth,  253. 
Balsam  of  Copaiba.  259. 
Balsam-'of-Gilead  Fir, 

405. 
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Balsam  of  Peru,  259. 
Balsam  of  Tolu,  259. 
Balsams,' MS,  253. 
Bamboo,  400. 
Bambusa,  Z.  397. 
Banana,  387. 
Banisteria,  L.  237. 
Banksia,  L.Jil.  346. 
Baobab,  225. 
Barbacenia,  Vandclli, 
389. 

Barbadoes  Cherry,  237. 
Barbadoes  Gooseberry, 
284. 

ZW,  Jesuits',  295. 
Barleria,  X.  329. 
Barley,  399. 
Barnadezia,  Z._/?Z.  299. 
Barosnia,  Willd.  245. 
Baebingtoniace.2:, 
265. 

Bartonia,  Sims,  283. 
Bartramia,  Hedio.  421. 
Bartsia,  Z.  333. 
Bar-tcood,  259. 
Basella,  Z.  339. 
Basellace^:,  339. 
Basil,  328. 
Bassia,  2To'rt.  311. 
Bast,  228. 
Batatas,  C%ois.  320. 
Batis,  P.  j?r.  346. 
Bay-tree,  341. 
Bdellium,  254. 
Bean-capers,  245. 
.Beflws,  257. 
Beaume  a  cochon,  254. 
Beech,  355. 
Beef-wood  trees,  357. 
Zerf,  339. 
Begonia,  Z.  282. 
Begoxiaceje,  281. 
Bell-flowers,  302. 
Bellis,  Z.  298. 
Belvisiaceje,  266. 
Bengal  Hemp,  258. 
Ben-nuts,  260. 
Benthnmia,  Lindl.  291. 
ZVwrom,  268,  313. 
Benzoin,  iVees,  363. 

BEEBEBIDACEiE,  204. 


Berberis,  Z.  205. 
Berberry,  205. 
ZVe,  399. 

Bergamot  Orange,  239. 
Bergera,  ZTa?«.  239. 
Berg-ia,  Z.  233. 
Beta,  Tournef.  339. 
Betel-nuts,  358. 
Zefowy,  328. 
Betula,  Z.  355. 

,  BETULACEiE,  355. 

Bibiri,  340. 
Bidens,  Z.  298. 
Big,  399. 

Bl  GNONAXE S,  330. 

Bignonia,  Z.  330. 

BlGNONIACEJE,  330. 

Bikh,  199. 
Bilberry,  327. 
Billardiera,  Smith,  248. 
Billbergia,  Z/m<w6.  391. 
Bindweed,  320. 
Bindweeds,  343. 
Z»-c/j,  356. 
Bird-lime,  313. 
Birth-wort,  362. 
Bitter-siceet,  324. 
Bitter-wood,  247. 
Bixa,  Z.  217. 
BrsACEiE,  217. 
Blackberry,  263. 
Blackwellia,  Commers. 
282. 

Bladder-nut,  234. 
Bladder-senna,  257. 
Bladder-wrack,  435. 
Blasia,  itfM.  424. 
Blecbuum,  Z.  416. 
Z%/(i,  453. 
Blimbinq,  211. 
Blitum/Z.  339. 
Blood-root,  210,  389. 
Blumenbachia,  Schrad. 
283. 

Bocagea,  515.  Ililaire, 
202. 

Bocconia,  Z.  208. 
Bcebmeria,  JWy.  350. 

BcEHMEEIEJE,  350. 

Boerbaavia,  Z.  337. 
Bog-mosses,  422. 


Bog-myrtle,  355. 
2toi«  f?e  Colophane,  254. 
Boldoa,  Jmss.  203. 
Boletus,  ZW;.  449. 
BoMBACEiE,  224. 

Bombax,  Z.  224. 

Bc-NNETTL33,  229. 

Boopis,  Jmss.  297. 
Borage,  325. 

BoRAGrNACE^!,  325. 

Borago,  Tournef.  325. 
Borassus,  Z.  365. 
Bordeaux  Turpentine, 
406. 

Boronia,  Smith,  245. 
Boswellia,  Boxb.  253. 
Botany-Bay  Gum,  377. 
Botrycbiuni,  Swartz, 
417. 

Botrydina,  Zre&.  437. 
Botrydium,  WallrA37. 

BoTRYTACEiE,  453. 

Botrytis,  iJZcA.  453. 
Bottle-brush  plants,  265. 
Bouvardia,  5«&6.  294. 
Bovista,  ZKZZ.  449. 
Boivstring  Hemp,  377. 
Boxioood,  349. 
Brasenia,  Z.  207. 
Brassica,  Z.  214. 
Brayera,  Kunth,  263. 
Brazil-nut,  265. 
Brazil-wood,  259. 
Bread-fruit,  351. 
Brocoli,  215. 
Bromelia,  Z.  391. 
BromeliacEjE,  391. 
Bromus,  Z.  397. 
Broom-Rapes,  332. 
Brucea,  iJZiV/tv,  247. 
Bruguiera,  Zam,  267. 
Brunia,  Z.  286. 

BRTTNIACEiE,  286. 
BEUNONIACEiE,  302. 
BftYACEJE,  420. 

Bryonia,  Z.  280. 
Bryony,  black,  373. 
Bryony,  white,  281. 
Bryopbyllum,  Salisb. 
274. 

Bryopsis,  Zff?)j.r.  437. 
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Brvura,  Z.  421. 
Bucida,  Z.  268. 
Buckeye,  234. 
Bucklandia,  R.  Br.  280. 
Buckthorn,  251. 
Buckthorn,  Sea,  345. 
Bucku,  246. 
Buckwheat,  337. 
Bugloss,  325. 
Bulbocodium,  Z.  378. 
Bulrush,  369. 
Bupleurum,  Toumef. 

288. 
Burdock,  300. 
Burgundy  Pitch,  406. 

BlJRMANNTACEiE,  384. 

Bursera,  ./wei?.  253. 
Bttrseraceje,  253. 
Butcher's  Broom,  377. 
Butome^:,  393. 
Butouius,  Toumef.  393. 
Buttercup,  199. 
Butter-nut,  354. 
Butter-tree,  331. 
Butter-xcorts,  335. 
BuxACEiE,  349. 
Buxus,  Toumef.  349. 
Byrsonima,  ifo'c/i.  237. 
Byttneria,  Za$Z.  225. 
Byttneriace^:,  225. 

Cabbage,  215. 
Cabbage-palm,  368. 
Oaboiibace^;,  207. 
Caboniba,  Z.  207. 
Cacao  beans,  225. 
Cactaceje,  283. 
Cadaba,  Jbrsft.  215. 
Caesalpinia,  Z.  255. 
CiESALPINIEJE,  255. 
Coffer-bread,  409. 
Cahinca  root,  295, 
Cajeput-oil,  264. 
Cakile,  TWrae/".  214. 
Calabar  bean,  258. 
Calabash  Nutmeg,  202. 
Calabash-tree,  331. 
Caladium,  Feral!.  370. 
Calamander-wood,  312. 
Calamus,  Z.  365. 
Calceolaria,  Fcuill.  333. 


Calendula,  iVec/c.  298. 
Calla,  Z.  370. 
Oallitharanion,  Lyngb, 
433. 

CALLITRICHACEiE,  359. 

Callitriche,  Z.  359. 
Calophvllum,  Z.  231. 
Calothrix,  ^//j.  439. 
Calotropis,  A  Br.  318. 
Caltha,  Z.  198. 
Calumba-root,  203. 
Calycanthaceje,  263. 
Calycanthus,  Zi'wrf/.  263. 
Calycera,  Cav.  297. 
Calyceraceje,  297. 
Caly'Ciflorje,  250. 
Calytrix,  Labill.  266. 
Canibogia,  Z.  231. 
Camellia,  Z.  229. 
Camellia,  229. 
Camelliace^;,  229. 
Camel-thorn,  257. 
Camomile,  300. 
Campanula,  Z.  302. 
Campantjlaceje,  302. 
Camphor,  340. 
Camphor,  Sumatran, 
229. 

Camphora,  -ZVee-s,  340. 
Cam-xvood,  259. 
Canada-balsam,  406. 
Canada-rice,  399. 
Canarium,  Z.  253. 
Canary  Creeper,  244. 
Canary-seed,  399. 
Candle-tree,  331. 
Candollea,  Za&tZZ.  200. 
Canellace^i,  314. 
Crwes,  368. 
Canna,  Z.  386. 
Cannabineje,  351. 
Cannabis,  Toumef.  351. 
Cannon-ball-tree,  265. 
Canterbury-bells,  303. 
Cantua,  «7mss.  319. 
Caoutchouc,  302,  317, 

319,  351. 
Caoutchouc-bottle,  348. 
Ctyer,  216. 

CappartdacevE,  215. 
Capparis,  Z.  215. 


Caprifoliace-ze,  292. 
Caprifolium,  Toumef. 
293. 

Capsella,  Fewi!.  214. 
Capsicum,  Toumef.  323. 
Carambole,  241. 
Carana  resin,  254. 
Carapa,  238. 
Caraway,  289. 
Cardamoms,  385. 
Cardiospermum,  Z.  233. 
Cardoon,  300. 
Carduus,  Gccrtn.  298. 
Carex,  ikfc'cA.  401. 
Carica,  Z.  277. 
Carissa,  Z.  317. 
Carlina,  Toumef.  298. 
Carludovica,  -R.  #  P. 

369. 
Carnation,  223. 
C«;-o6s,  258. 
Carolina  Pink,  315. 
Carpinus,  Z  354. 
Carrageen,  434. 
C«?ro£,  289. 
Carthamus,  Toumef. 

300. 

Cirum,  ZToe/i,  288. 
Carya,  iVwtt.  353. 
Caryocar,  Z.  229. 
Caryophyelace^;, 
221. 

Caryota,  Z.  365. 
Cascarilla-bark,  349. 
Casearia,  /acj.  279. 
Cashetv-nut,  252. 
Cassava,  349. 
Cassia,  Z.  255. 
Cassia-bark,  340. 
Cassytha,  Z.  340. 
Castanea,  Gartn.  354. 
Castor-oil,  349.  _ 
Casuarina,  Z.  357. 

CASUAREVACEiE,  357. 

Catalpa,  <!fro/>.  330. 
Catasetum,  Pick.  382. 
Crrfec/m,  259,  295. 
Catha,  Forsk.  250. 
Cathartocarpus,  Pers. 
255. 

Cattleya,  ZrW/.  382. 
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Caucalis,  X.  288. 
Cauliflower,  215. 
Cauliuia,  Willd.  394. 
Caulophyllurn,  Miehx. 
205. 

Cayenne-pepper ,  824. 
Ceauothus,  X.  251. 
Cedar  of  Lebanon,  405. 
Cedar-wood,  254. 
Ce'aV^,  240. 
Cedrela,  X.  238. 
Cedrelaceje,  238. 
Cedron,  247. 
Celastrace-e,  250. 
Celastrus,  Kunth,  250. 
Celery,  289. 
Celosia,  X.  338. 

CELTEiE,  353. 

Celtis,  Tournef.  353. 
Cenangium,  XV.  452. 
Centaurea,  Xess.  298. 
Centradenia,  Don,  269. 
Centranthus,  DC.  296. 
Centrolepis,  Labill.  401. 
Cephaelis,  294. 
Ceplialantlius,  X.  294. 
Cephalotaxus,  Zucc. 
400. 

CEHAMIEiE,  433. 

Ceramiuni,  Adam.  433. 
Cerastium,  X.  222. 
Cerasus,  «7mss.  263. 
Ceratonia,  X.  255. 
Ceratophyllace.2), 
359. 

Ceratophyllum,  X.  359. 
Ceratopteris,  Brom/n. 
417. 

Ceratosicyos,  iVees,  277. 
Cerbera,  X.  317. 
Cereal  grains,  399. 
Cere  us,  JXra.  283. 
Ceroxylon,  J/,  B. 
365. 

Ceterach,  Adam.  416. 
Cetraria,  ^4cA.  44. 
Cevadilla,  378. 
Chailletia,  X>C.  251. 

ClIAILLKTIACEiB,  251. 

Chamsedorea,  Willd. 
365. 


Chamjelauciaceje, 
265. 

Chamaerops,  L.  365. 
Chara,  L.  426. 
Characeje,  426. 
Chavica,  Miq.  358. 
Cheiranthera,  Cmm- 

ningh.  248. 
Cheiranthus,  -R.  X/\ 

214. 

Cheirostemon,  X.  226. 
Chelidoniuiri,  Toumef. 
208. 

ClTENOPODIACEiE,  338. 

Cbeuopodium,  339. 
Cherimoya,  202. 
C/i«vy,  263. 
Cherry,  Cornelian,  291. 
Cherry-laurel,  263. 
Cftem?,  289. 
( 'hi  d nut,  379. 
Chibou  resin,  254. 
Chicory,  301. 
Cliimapbila,  Pursh,  304. 
Chirnonaiithus,  Lindl. 
263. 

C7«m«  Aster,  301. 
China-root,  374. 
Chioiianthus,  X.  306. 
C/iwe,  377. 

ClILiENACEiE,  229. 

Chlora,  X.  316. 

CHLORAIsTHACEiE,  357. 

Cblorautbus,  Swartz, 
357. 

Cbloris,  &e.  397. 
Chloroxykm,  DC.  238. 
Chocolate,  225. 
Cbondrus,  G-'rey.  433. 
Chorda,  Stackh.  436. 
Chorozema,  Labill.  255. 
Chrysanthemum.  -DC. 
298. 

C  Tirysanthemum,  301. 

CllRVSOBALAXEiE,  260. 

Chrysobalauus,  X.  201. 
Chrysophyllum,  X.  311. 
Chylociadia,  G-Yey.  433. 
Chymocarpus,Dow,244. 
0hytridium,.4£.Bj\437. 
Oicer,  257. 


Cichorium,  Tournef. 

299. 
Cicuta,  L.  287. 
Cinchona,  X.  294. 
Cinchona,  295. 
ClNCHONEiE,  294. 
Cinerarias,  801. 
Cinnainomuni,  Burm. 

340. 
Cinnamon,  340. 
Ciretea,  Tournef.  269. 
Cissampelos,  X.  203. 
Cissus,  X.  249. 

ClSTACEiE,  217. 

Cistus,  Tournef.  217. 
C%r<m,  239. 
Citrosma,  i?.  8f  P.  203. 
Citmllus,  2Vec/fc.  280. 
Citrus,  L.  239. 
Cladium,  R.  Br.  401. 
Cladonia,  Hoffin.  441. 
Cladosporium,  X/i.  453. 
Clarkia,  Pursh,  269. 
Clathrocystis,  Ilenf. 
437. 

Clathrus,  ilX'c/i.  449. 
Clavaria,  X.  450. 
Clavahie^:,  450. 
Claytonia,  L.  275. 
Clearing-nut,  315. 

CLEMATIDEiE,  198. 

Clematis,  X.  198. 
Cleome,  X>C.  215. 
Cleomeje,  215. 
Clerodendrou,  L.  328. 
Closterium,i\7fcsc/j,440. 
Clove-nutmegs,  340. 
C'/o«r,  257. 
Cloves,  264. 
Club-Mosses,  412. 
Clusia,  X.  231. 

CLUSIACEiE,  230. 

Cluster-pine,  405. 
Cluytia,  347. 
Cuicus,  Vaill.  298. 
Cobasa,  Cay.  319. 
Coca,  237. 

Coceoloba,  .7"«cy.  336. 
Cocculus,  DC.  203. 
Cocculus  indicus,  203. 
Cochineal,  284. 
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Cocblearia,  Z.  214. 
Cock's-comb,  338. 
Cocoa,  225. 
Cocoa-nut,  3G6,  367. 
Cocoa-nut  oil,  368. 
Cocoa-plum,  262. 
Cocoes,  371. 
Cocos,  Z.  365. 
Codiurn,  Stackh.  437. 
Ccelebog-yne.Z  &«.  347. 
Coffea,  Z.  294. 
CoFFEiE,  294. 
Coffee,  295. 
Com-,  368. 
Coix,  Z.  397. 
Cola,  Sc/joft.  226. 
Colcbicuni,  Tournef. 

378. 
Colchicum,  377. 
ColeocliaBte,  Zreo.  437. 
Collenia,  Ach.  441. 
Collomia,  JVutt.  319. 
Colocasia,  Bay,  370. 
Colocynth,  281. 
Coltsfoot,  300. 
Columbine,  199. 

COLUMELLIACEiE,  307. 
COMBRETACEiE,  267. 
CoMBRETE^,  268. 

Conibreturn,  Zec$2.  268. 
Comrnelyna,  ZW.  379. 

COMMELYNACEJE,  379. 
COMPOSITiE,  297. 
Cornptonia,  Banks,  355. 
Conferva,  438. 
Conferyoide-s;,  436. 
Conium,  L.  287. 
Conjugate,  439. 

CoNNARACE-iE,  253. 

Convallaria,  Desf.  375. 
Convolvulace^:,  320. 
Convolvulus,  L.  320. 
Cookia,  Sonner.  239. 
Copaiba,  259. 
Copaifera,  L.  255. 
Copal,  259. 
Co/>«/,  Indian,  229. 
Coperuicia,  391. 
I'oprosinii,  Forst.  294. 
Coquilla-nut,  368. 
Corallina,  Tournef.  433. 


CoRALLINEiE,  433. 
Corallines,  434. 
Corchorus,  Z.  227. 
Cordia,  Pfom.  324. 

COBDIACE^!,  324. 

Cordyceps,  2W.  452. 
Coriander,  289. 
Coriandrum,  Z.  288. 
Coriaria,  248. 
CORIARIEiE,  248. 
Cork-Oak,  355. 
cormophyta,  192. 
Cornace^,  291. 
Cornus,  Tournef.  291. 

C'OROLLIFLORJE,  292. 

Correa,  Smith,  245. 
Comgiola,  L.  275. 
Corsican  Moss,  434. 
Corydalis,  DC.  211. 
Corylus,  Z.  354. 
Cosrnarium,  Menegh. 

440. 
Costus,  L.  385. 
CosJws,  300. 
Cotton-grass,  402. 
Cotton-plants,  225. 
Cotyledon,  Z>C.  274. 
Couch-grass,  400. 
Cowhage,  258. 
Cowrie  Fine,  406. 
Coivslip,  3l0. 
Cow-plant,  319. 
Cow-tree,  351,  376. 
Crambe,  Tournef.  214. 
Cranberry,  305. 
Cranes-bills,  241. 
Crassula,  JEfato.  274. 
Crassulace2e,  273. 
Crassule^:,  274. 
Crataegus,  Z.  262. 
Cratajva,  Z.  216. 
Creosote-plant,  245. 
Chemospebme^,  280. 
Crepis,  Z  299. 
Crescentia,  Z.  331. 

CllESCENTIACEiE,  331. 

Cress,  215. 
Crilhimuu,  Tournef. 
288. 

Crocus,  Tournef.  390. 
Cross-floxvers,  212. 


Croton,  Z.  347. 
Croton-oil,  349. 
Crowberry,  346. 
Crowfoot,  199. 
Crown  Imperial,  377. 
Crucifeb-5;,  212. 
Cryptogamia,  410. 
Cryptorneria,  Zow,  404. 

CRYPTOXEMIEiE,  433. 

Cubeba,  Mi'j.  358. 
Cubebs,  358. 
Cucumber,  281. 
Cucumis,  Z.  280. 
Cucurbita,  Z.  280. 

CUCUEBITACEJE,  279. 

Cudbear,  443. 
Cuminum,  Z.  288. 
Cummin,  289. 
Cunninghamia,  P.  Zr. 
404. 

Cunonia,  Z.  272. 

CUNONTEiE,  272. 

Cupania,  Z.  233. 
Cuphea,  Zaco.  271. 

CuPBESSrNEJE,  404 

Cupressus,  Tournef. 
404. 

CuPULrFERJE,  354. 
Curacoa,  240. 
Curculigo,  Gcertn.  389. 
Currant  (grape),  249. 
Currants,  285, 295. 
Cuscuta,  Tournef.  320. 
Custard-apple,  202. 
Cyatbea,  Stnith,  416. 
Cyathee-s:,  416. 
Cyathus,  Zfatf.  449. 
Cycadace^:,  408. 
Cycas,  Z.  409. 
Cyclamen,  Tournef  310. 
Cyclanthe^e,  369. 
Cyclantbus,  Pott.  369. 
Cynanchum,  Z.  318. 
Cynodon,  P<cA.  399. 
Cynomorium,  Michel. 

"360. 
Cynosurus,  Z.  399. 
Cyperace.s,  401. 
Cyperus,  Z.  401. 
Cypbella,  Fries,  450. 
Cypress,  406. 
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Cypress(deciduous),40G. 
Cypripedium,  L.  382. 

CYBILLACEiE,  314. 

Cyrtandra,  Forst.  331. 

CYBTANDBEiE,  331. 

Cystopteri3,i?wM/t.  416. 
Cystoseira,  Agh.  435. 
CYTINACEa:,  3G0. 
Cytinus,  L.  361. 

Dacrydiurn,  Sol.  406. 
Daffodil,  388. 
Dahk-trees,  258. 
Dahlia,  Cav.  298. 
Dahlia,  301. 
Daisy,  299. 
Dalbergia,  L.  255. 
Dammai'a,  Humph,  405. 
Dammar  Pine,  406. 
Dammar  Pitch,  229. 
Damson,  262. 
Dansea,  .7.  tfwz.  417. 
Dandelion,  301. 
Daphne,  X.  344. 
Daphniphyleace^e, 
349. 

Darlingtonia,  Ton:  207. 
JJarae/,  400. 
Darwinia,  Pudge,  266. 
2)afe,  367,  368. 
Date-plum,  312. 
Datisca,  X.  282. 
Datiscaceje,  282. 
Datura,  L.  323. 
Daucus,  L.  288. 
Deciduous  Cypress,  406. 
Delesseria,  Lamx.  433. 
Delessebie^;,  433. 
Delima,  i.  200. 
Delphinium,  Tournef. 
198. 

Dematie^e,  453. 
Dematium,  P.  Abo. 
Dendrobium,  Swz.  382. 
Dendromecon,  209. 
Deodar,  405. 
De8inarestia,£awu'.436. 
DESMIDIEiE,  440. 
Desniidium,  Agh.  440. 
Desyauxiace^e,  401. 
Deutzia,  Thunb.  272. 


Dhoona  pitch,  229. 
Diamorpha,  Mutt.  274. 

DlAMOBPHEiE,  274. 

Dianthus,  L.  222. 

DlAPENSIACEiE,  319. 

Diatonia,  DC.  440. 

DlATOMACEiE,  439. 
DlATOMEiE,  440. 

Dicentra,  JBorkh.  211. 

DlCOTYLEDONES,  195. 

Dicranum,  Hedw.  421. 
Dictaninus,  L.  245. 
Dictyogens,  193. 
Dictyopteris,Z«m.r.434. 
Dictyosiphon,  GrevA36. 
Dictyota,  Lamx.  434. 

DlCTY'OTACEiE,  434. 

Dieffenbachia,  Schott. 

370. 
Dielytra,  211. 
Diervilla,  Tournef.  292. 
Digitalis,  Z.  333. 
ZW,  2S9. 
Dillenia,  L.  200. 
Dieleniace^;,  200. 
Dion,  Lindl.  409. 
Dionaea,  Z7/*'s,  218. 
Dioscorea,  L.  373. 
DlOSCOREACEiE,  372. 
Diosnia,  Z.  245. 
Diospyros,  L.  312. 
Dipliaca,  Zowr.  260. 
Dipladenia,  DC.  317. 
Diplophractiirn,  227. 

DIPLOZYGL3E,  288. 

DiPSACEiE,  296. 
Dipsacus,  Tournef.  296. 

DlPTEBACEiE,  228. 

Dipterocarpus,  Geertn. 
228. 

Dischidia,  R.  Br.  319. 
Dittany  of  Crete,  328. 
Divi-divi,  259. 
Docfo,  337. 
Dodders,  321. 
Dodoneje,  233. 
Dog-banes,  316. 
Dog's-tooth,  377. 
Dog-violet,  220. 
Dogtvood,  291. 
Donibeya,  Cay.  225. 


Dorema,  Z)om,  288. 
Doum  Palm,  368. 
Dracaena,  Vand.  375. 
Dragon 's-blood,  377. 
Dragon' s-mouth,  335. 
Dragon-tree,  377. 
Draparnaldia,  Zon/, 
437. 

Driinys,  7Z  ZV.  201. 
Drosera,  Z.  218. 
Drosebace^i,  218. 
Dbupaceje,  261. 
Dryobalanops,  Gccrtn. 

228. 
Dry-rot,  451. 
Duckweed,  371. 
Duguetia,      ZftT,  202. 
ZWse,  434. 
Dumb-cane,  371. 
Duri83a,.B.#il/ora*:.  426. 
Durian,  225. 
Durmast- Oak,  355. 
ZWa,  399. 
Dai!c/t  Myrtle,  355. 
Dyer,s-broo?n,  258. 

Eagle-ioood,  259,  345. 
Ebenace^,  312. 
Eboe-nut,  258. 

238,  312. 
Ecbaliurn,  Z.  C.  i&'cA. 
280. 

Eccremocarpus,  72.  #•  P. 
330. 

Echinocactus,  Zm/S; 

Oft.  283. 
Echinophora,  Z.  287. 
Echiuni,  L.  325. 
Ectocarpus,  Lyngb.  436. 
Eddoes,  371. 
Egg-Apple,  324. 

EhBETIACE.E,  325. 
ELiEAUNACEiE,  345. 

Ekeagnus,  Z.  345. 
Ela3ocarpus,  Z.  227. 

Ekeodendron,7ac<7.250. 
Elais,  Jacq.  365. 
Elaterium,  280. 
Elaterium,  281. 
Elatinaceje,  232. 
Elatine,  Z.  233. 


6S4 


INDEX  TO  SYSTEMATIC  BOTANY. 


Elder,  293. 
Elecampane,  300. 
Elemi,  254. 

Eleocharis,  11  Br.  401. 
Elephant' 's-ears,  282. 
J?/»i,  353. 

Elodea,  Adams.  392. 

EMl'ETHACEiE,  346. 

Empetrum,  L.  346. 
Encalypta,  Hediu.  421. 
Enceplialartos,  Lehm, 

409. 
EWwe,  301. 
Endocarpon,  Hedw.  441. 
Endogens,  193. 
Entada,  i.  256. 
Epacridaceje,  305. 
Epacris,  »S?n.  328. 
Ephedra,  L.  407. 
Epidendrum,  i.  382. 
Epilobium,  L.  269. 
Epimedimn,  205. 
Epipactis,  Mailer,  382. 
EliUISETACEiE,  415. 
Equisetum,  L.  415. 
Ergot  of  Eye,  452. 
Erica,  2.  304. 
Ebicace-e:,  303. 
Ericeje,  304. 
Ericine^e,  304. 
Eriocaulace^:,  400. 
Eriocaulon,  L.  400. 
Eriogonuru,  L.  C.  Mich. 

336. 

Eriophortua,  L.  401. 
Eriostemon,  Smith,  245. 
Erodium,  Merit.  242. 
Erophila,  EC.  214. 
Eryugiurn,  Tournef. 

287. 
Eryngo,  289. 
Erysimum,  L.  214. 
Erysiphe,  2ferfw. 

452. 

Erythrsea,  Em.  316. 
Ery  tnrospermum,  Lam. 
217. 

Erythroxylace^b, 
237. 

Erythroxylon,  L.  237. 
Escallouia,  Mutis,  272. 


EsCALLONIHiE,  272. 

Esclischoltzia,  Cham. 
208. 

Esenbeekea,  H.  B.  K. 
245. 

Euastrum,  Ehr.  440. 
Eucalyptus,  Herit.  264. 
Eugenia,  Michel.  264. 
Euuotia,  2?Ar.  440. 
Euonymus,  Tournef. 
250. 

Euphorbia,  X.  347. 
Euphorbiace^,  347. 
Euphorbium,  349. 
Euphrasia,  i.  333. 
Euryale,  Salisb.  206. 
Eutoca,  E.  Br.  319. 
Evening  Primrose,  270. 
Evergreen  Oak,  355. 
Evernia,  -4cA.  441. 
Exidia,  J?V.  450. 
Exidiace^;,  450. 
Exogens,  193. 
Exogouium,  Chois.  320. 
Exostemma,  L.  C.Eich. 
294. 

Fagonia,  Tournef.  244. 
Fagrsea,  Thunb.  314. 
Fagus,  i.  354. 
Fedia,  Mcench,  296. 
Fegatella,  JiWcZ.  425. 
Fennel,  289. 
Ferns,  416. 
Feronia,  C4»r.  239. 
Ferraiia,  Z.  391. 
Ferula,  L.  288. 
JiscMC,  399. 
Festuca,  L.  397. 
Feuillaja,  L.  280. 
Ficoide^;,  276. 
Ficus,  Tournef  351. 
Jfcra,  351. 
JS&ert,  355. 
Filices,  416. 
Fimbristylis,  Vahl,  428. 
Fir-trees,  405. 
Flacourtia,  Comm.  217. 
Flacoubtiaceje,  217. 
Flag  Order,  390. 
Flags,  801. 


240. 

Flux, New- Zealand,  377. 
Flea-seed,  308. 
Flindersia,  .R.  2?r.  238. 

FlORIDEJE,  432. 

Flowering  Plants, 
195. 

Flowerless  Plants, 
410. 

Fodder-grasses,  399. 
Fosniculum,  A  dans.  288. 
Foutiualis,  i.  421. 
Foots  Earsley,  289. 
Forbesia,  JEfcW.  389. 
Forbidden-fruit,  289. 
Forget-me-not,  325. 
Forskohlia,  350. 

FoESKOHLIEJJ,  350. 

Fothergilla,  i.  /.  286. 
Fothergecle^!,  286. 
Fourcroya,  Vent.  388. 
Four-o'clock  plant,  337. 
Foxglove,  334. 
Fragaria,  X.  262. 
Francoace^:,  273. 
Frankeuia,  Z.  220. 
Frankeniace^:,  220. 
Frankincense,  254. 
Frankincense-pine,  405. 
Fraxlneje,  806. 
Fraxinel/a,  246. 
Fraxinus,  Tournef.  306. 
Fremontia,  Hook.  226. 
Fremontleje,  226. 
French  berries,  251. 
Freycinetia,  Gaud.  369. 
Fritillaria,  X.  375. 
Frog-bit,  392. 
Frullania,  JVees,  424. 
FucACEiE,  434. 
Fuchsia,  P/«»i.  269. 
Fucus,  2.  435. 
Fumaria,  2'ournef.  211. 

FuMARIACEJ?,  210. 

Fumitory,  211. 
Funaria,  Hedw.  421. 
Fundunji,  399. 
Fungi,  443. 
Fungus  melitensis,  300. 
Funkia,  jSJar.  375. 
.TWf'c,  253,  352. 
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Gaimardia,  Gaudich. 
401. 

Galangale-root,  385. 
Galanthus,  Z.  388. 
Galbanum,  289. 
Galipea,  Aubl.  245. 
Galium,  Z.  294. 
Gama-grass,  399. 
Gambeer,  295. 
Gamboge,  231. 
Gamopetae.e,  194,292. 
Garcinia,  Z.  231. 
Gardenia,  ZW.  294. 
Garden- Nasturtiums, 

244. 
Garlic,  377. 
Garfoc  Pear,  216. 
Garryaceje,  342. 
Gaultheria,  Z.  326. 
Geissoloma,  Lindl.  346. 
Genista,  Z.  255. 
Gentian,  316. 
Gentiana,  Z.  316. 
Gentianace^e,  315. 
Gentianella,  31 6. 
Geocalyx,  iVees,  424. 

GERANIACE.E,  241. 

Geranium,  242. 
Geranium,  Herit.  242. 
German  Tinder,  451. 
Gesnera,  331. 
Gesnerace.e,  331. 
Gesnereje,  331. 
GrLLiESiACE^:,  380. 
Ginger,  385. 
Ginger-grass,  399. 
Ginseng,  290. 
Gladiolus,  Tournef.  390. 
Glass-wort,  339. 
Glaucium,  Tournef.208. 
Glaux,  Tournef.  310. 
Gleditschia,  Z.  260. 
Gleichenia,  Smith,  417. 

GLEICHENEEiE,  417. 

G7o6e  Amarantus,  338. 
Plobularia,  X.  329. 
Gloxinia,  JKrft.  331. 
Glumiflor^:,  395. 
Glyceria,  P.  Sr.  397. 
Glycyrrhiza,  Z.  255. 
Glypk-ea,  228. 


Gnaphalium,  Don,  298. 

GNETACEiE,  407. 

Gnetum,  Z.  407. 
Goafs-beard,  301. 
Godetia,  Spach,  269. 
Gold-thread,  199. 
Gomme  d1  Acajou,  252. 
Gomphrena,  Z.  338. 
Gonium,  Zaw.  440. 
Goodeniace^;,  302. 
Googal,  254. 
Gooseberry,  285. 
Gordonia,  229. 

GORDONIEiE,  229. 

Gossypium,  Z.  224. 
Gourds,  281. 
Grains  of  Paradise,  385. 
Graminace^e,  395. 
Granadilla,  278. 
Grope,  249. 
Grape,  Sea-side,  337. 
Grasses,  395. 
Grass-cloth,  351. 
Grass-tree,  377. 
Greek  Valerian,  320. 
Green-heart,  341. 
Green  Laver,  439. 
Grevillea,  P.  ZV.  346. 
Grewia,  <7mss.  227. 
Griffithsia,  ^A.  433. 
Grimmia,  Ehrh.  421. 
Gronovia,  Z.  283. 

GrOSSULACE-E,  385. 

Ground-Ivy,  328. 
Guaiacum,  245. 
Guaiacum,  Plum.  244. 
Guarana  bread,  234. 
Guarea,  Z.  238. 
Guava,  264. 
Guazuma,  Plum.  225. 
GWder  Pose,  293. 
Guettarda,  Fe«i.  294. 
Guimauve,  224. 
Gulf-weed,  435. 
Cr/wt  Acacia,  259. 
Gwm  Anime,  229. 

Arabic,  259. 
Gwm  Dammar,  406. 
Ctmwi  Dragon,  258. 
(?»  Zac"  258,  349. 
Gummi  gutta,  232. 


Ctmwi  Senegal,  259. 
Gum-trees,  265. 
Gunnera,  Z.  290. 
Gustavia,  Z.  265. 
G^ta  Pe?-c/i«,  312. 

GuTTIFER-E,  230. 

Gvmnocarpea,  P.  ZV. 
"277. 

Gymnocladus,Zam.277. 
Gymnogens,  193. 
Gynmograninia,  Desu. 
416. 

Gymnospermia,  403. 

GYMNOSPORiE,  427. 

Gynandropsis,  DC.  216. 
Gynerium,  ZT.P.X.  400. 
Gyiinopsis,  Gcertn.  345. 
Gyrocarpe.e,  268. 
Gyrocarpus,  Jacj.  268. 
Gyrostemone.e,  339. 

Hfematoxylon,  Z.  255. 

H-EMODORACE-aS,  389. 

Htemodorum,  Sm.  389. 
Hair-bells,  303. 
Hakea,  Schrad.  346. 
Halesia,  Z7&,  314. 
Halidrys,  Lyngb.  435. 
Haloragace.e,  270. 
Haloragis,  Forst.  270. 

HAMAMELACE.E,  285. 
HAMAMELEiE,  286. 

Hamamelis,  Z.  286. 
Hancornia,  Gom.  317. 
Hand-plant,  227. 
Hapeozygle,  287. 
Haricots,  257. 
Hawthorn,  263. 
ZTase/,  355. 
Heart  s-ease,  220. 
ZfeaitA,  303. 
Hedera,  Z.  249,  290. 
Hedyohiuni,iTa?rci^r,385. 
Hedyosniuni,  Sivartz, 
357. 

Hedyotis,  Zotm.  294. 
Heliamphora,  JBenth. 
207. 

Heliantbemum,  Tour- 
nef, 217. 
Heli'conia,  Z.  387. 

2n 
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Helicteres,  X.  22G. 
Heliotrope,  326. 
Ib-Ucbon;  White,  378. 
Hellehc-re^e,  198. 
Ilelleborus,  Adans.  198. 
Helosciadium,  Koch, 
288. 

Helosis,  Mich.  360. 
Helvella,  X.  450. 

HELVELLEiE,  450. 

Helwingia,  Willd.  290. 
Helwingiace^!,  342. 
Hemidesmus,  It.  Br. 
318. 

Hernistenima,  Commers. 

200. 
Hemlock,  289. 
Hemlock  Dropivo?i,289. 
Hemlock  Spnice,  405. 
Hemp,  351. 
Hemp,  African,  377. 
Hemp,  Indian,  351. 
Hemp,  Manilla,  388. 
Henbane,  324. 
Hennali,  271. 
Henslovia,  fl7"^.  273. 
Hepatics:,  424  &c. 
Heracleuru,  L.  288. 
Heritiera,  226. 
Herniarmia,  L.  226. 
Hermannie^j,  226. 
Hernandia,  Plum.  344. 
Hesperis,  X.  214. 
Heterosciade^:,  287. 
Hibbertia,  Andr.  200. 
Hebisce^,  224. 
Hibiscus,  L.  224. 
Hickory,  354. 
Hieraciuin,  Toumef. 

299. 
Hierochloe,  399. 
Hillebrandia,  282. 
Hiniantbalia,  Lyngb. 

435. 

HlPPOCASTANEiE,  233. 

Hippornane,  L.  347. 
Hippopbae,  X.  345. 
Hippuris,  L.  270. 
Hog-gum,  253. 
Hoq-plum,  253. 
Ilollbcellia,  204. 


XTo%,  313. 
Hollyhock,  224. 
Holm  Oak,  355. 

HOMALIACEiE,  282. 

Homalium,  «7aeg.  282. 
Ilonckenya,  XTtr.  228. 
Honey-locust,  259. 
Honeysuckle,  293. 
.Hop,  351. 
Hordeuni,  X.  397. 
Horehound,  328. 
Hornbeam,  355. 
Hormvort,  359. 
Horse-chestnut,  234. 
Horse  Iiadish,  215. 
Horse-sugar,  313. 
Horse-tails,  415. 
Hortonia,  fl7^,  203, 
204. 

Hottentot's  Jig,  Til. 
Houseleek,  274. 
Hovenia,  Thunb.  251. 
Hoya,  i2.  -Br.  318. 

HtTMIRIACE^I,  314. 

Hunmlus,  X.  351. 
Hundred-years'  Plant, 

389. 
Huon  Pine,  406. 
Hura,  X.  347. 
Hyacinth,  377. 
Hyacintbus,  X.  375. 
Hyalostemma,  TFaS. 

341. 
Hydne-ze,  450. 
Hydnocarpus,  Gcsrtn. 

'277. 
Hydnurn,  X.  450. 
Hydrangea,  X.  272. 
Hydrocera,  X/mm.  243. 
Hydrochaeidace^:, 

392. 

Hydrocbaris,  X.  392. 
Hydrocotyle,  Toumef. 
287. 

Hydrodictyon,  Roth, 
437. 

Hydrophyllace.e, 
319. 

Hydrophyta,  428. 
Hvdvostacbys,  Pet.-Th. 
359. 


ITYMENANGIEiE,  449. 

Hymenangium,  Klotsch, 
449. 

Hymenophylle^:, 
417. 

Ilymenophyllum,  Sm. 
417. 

Hyoscyanius,  Toumef. 
323. 

Hypecoum,  Toumef. 
"211. 

Hypericace-s;,  231. 
Hypericum,  X.  232. 
Hypnum,  X.  421. 
Hypocba?ris,  X.  299. 
Hypolfena,  R.  Br.  427. 
Hypoxtdace-s:,  389. 
Hypoxia,  X.  389. 
Hypoxylon,  Bidl.  452. 
Hyssopus,  X.  327. 
Hysterophyta,  192, 
443. 

Iberis,  X.  214. 

ICACLNACE-E,  314. 

Iceland-Moss,  443. 
Ice-plants,  276. 
Icica,  253. 
Ilex,  X.  313. 
Ilicace-e,  313. 

lLLECEP.RACE.ffi,  275. 

Illecebrum,  Gcertn.  f. 
275. 

Illiciuin,  X.  201. 
niigera,  X/.  268. 
Immortelles,  301. 
Iinpatiens,  X.  243. 

INCOMPLETE,  336. 

Indian  Copal,  229. 
Jwr/frtM  Com,  399. 
Indian  Cress,  244. 
Jwrfton  Figs,  283. 
Indian  S/i'oi,  387. 
Indigo,  258. 
Indigofera,  X.  255. 
Iuga,  Willd.  256. 
Inula,  f?«r«ft.  298. 
lodes,  Blume,  352. 
ipo*i,  237. 
Ipccacuan,  294. 
Ipecacuan,  black,  294. 
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Ipecacuan,  white,  295. 
Ipomcea,  Z.  320. 
IniDACEiE,  390. 
Iris,  Z.  390. 
Irish  Moss,  434. 
Ircm,-wood}  355. 
Isai'ia,  Hill,  450. 
Isahieje,  450. 
Isatis,  215. 
ISOETACEiE,  413. 
ISOETEJE,  412. 

Isoe'tes,  L.  414. 
Isolepis,  R.  Br.  401. 
Isonandra,  Wight,  311. 
Istbniia,  Agh.  440. 
Itaka-wood,  258. 
Iron/,  Vegetable,  368. 
Ivy,  249,  290. 
Zvy,  Ground,  328. 
Iwarancusa,  399. 
Ixia,  X.  390. 
Lcora,  X.  294. 

Jacobs  Ladder,  320. 
Zflfop,  320. 

Jambosa,  Humph.  286. 
Jasione,  Z.  302. 
Jasminacfje,  307. 
Jasminales,  307. 
Jasmine,  307. 
Jasminum,  L.  307. 
Jateorrbiza,  3Iiers,  203. 
Jatropha,  2L?/t.  347. 
Jeflersonia,  Bart.  205. 
Jerusalem  Artichokes, 
300. 

«7b&'«  Tears,  400. 
Jonesia,  Roxb.  255. 

JUGLANDACEiE,  353. 

Juglans,  L.  353. 
Jujube,  251. 
JUNCACEiE,  378. 
JUNCAGINEiE,  393. 

Juncus,  DC.  378. 
Jungermannia,  Dill. 
424. 

JUN  GEH  JIANNIA  CEiE, 

423. 
Juniper,  406. 
Juuiperus,  X.  404. 
Justicia,  Z.  329. 


Jitfe,  228. 

Kadsura,  Juss.  204. 
Kangaroo-grass,  399. 

251. 
Zoto,  358. 
JE?^,  435. 
Kermes  Oak,  355. 
Kielineyera,  Mart.  229. 
2Twjo,  258. 

JTmo.  Botany  Bay,  265. 
Kobresia,  F»&  401. 
Kcelreuteria,  Lam.  233. 
Kohl-rabi,  215. 
Jtora  Kang,  399. 
Kousso,  263. 
Krameria,  Z<e$?.  236. 
Kubu,  251. 
Kumquat,  239. 

Labiate,  326. 
Labiat^flob^e,  299. 
Laburnum,  258. 
Lace-bark,  344. 
Lacis,  Lindl.  359. 
Lacistemace.^:,  342. 
Lactuca,  Z.  299. 
Ladanum,  218. 
Lagenaria,  #er.  280. 
Lagerstroeniia,  Z.  271. 
Lagetta,  <7mss.  344. 
Lamb's  Lettuce,  296. 
Laruinaria,  Lamx.  436. 
Lamiuin,  X.  327. 
Lance-wood,  202. 
Langsat,  238. 
Lanshun,  Rumph.  238. 
Lantana,  Z.  328. 
Lapageria,  _R.  &  Pa?>. 

373. 
Larch,  405. 
Lardizabala,  Z!m;: 

P«y.  204. 

LABDIZABALACE-ffi, 
204. 

Larkspur,  199. 
Larrea,  Cay.  244. 
Lastrsea,  JVcaZ,  416. 
Lathrrea,  L.  332. 
Latbyrus,  L.  258. 
LAUBACEiE,  340. 


Laurel,  341. 
Laurel,  Cherry-,  263. 
Laurel,  u  Cuba,"  291. 
Laurel,  Portugal,  263. 
Laurel,  Spurge-,  344. 
Laurencia,  Lamx.  433. 
Laubencieje,  433. 
Lawustinus,  293. 
Lauras,  Tournef.  340. 
Lavandula,  Z.  327. 
Lavender,  328. 
Later,  439. 
Lawsonia,  X.  271. 
Leatbesia,  Gray,  436. 
Lecidea,  ^4c/i.  441. 
Lecythtdaceje,  265. 
Lecytbis,  Za$?.  265. 
Ledum,  Z.  304. 
Leea,  Z.  249. 
Zeefc,  377. 
LEGUMiNOS-aa,  254. 
Leiana,  Z.  371. 
Lemnace.2!,  371. 
Lemon,  239. 
Lemon-grass,  399. 
Lemon-plant,  329. 

LENTIBULACEiE,  335. 

Lentils,  257. 
Leontice,  Z.  205. 
Leontodon,  Z.  299. 
Leopoldinia,  Mart.  368. 
Lepidium,  Z!.  Zr.  214. 
Lepidocaryum,  Mart. 
391. 

Lepidostacbys,  Wall. 
349.  _ 

Leptosipbon,Ze?i£/i.319. 
Leptospebme^;,  264. 
Lepturus,  397. 
Lettuce,  300. 
Lichenace^;,  441. 

LlCHENALES,  441. 
LlCHENES,  441. 

Lignum  colubrinum, 
315. 

Lign  um  Rhodium,  254. 
Lignum-vitce,  245. 
Ligustruni,  Tournef. 

300. 
Lilac,  306. 
LlLIACEiE,  375. 

2h2 
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Liliaxks,  375. 

Lilies,  .375. 

Lilium,  X.  375. 

Lily  of  the  Fields,  389. 

Lily  of  the  Valley,  377. 

Lime,  239. 

Lime  or  Linden,  227. 

LlMNANTHACEiE,  244. 

Limnanthes,  244. 
Lirnnocharis,  H.  B. 
393. 

Liruosella,  L.  333. 

LlNACEiE,  240. 
Linaria,  Toumef.  333. 
Linnsea,  Gronov.  292. 
Linseed,  241. 
Limim,  L.  240. 
Liquidambar,  L.  286. 
Liquorice,  257. 
Liriodendron,  L.  201. 
Lissanthe,  R.  Br.  305. 
Litchi,  234. 

Lithospemiuni,  X.  325. 
Litmus,  443. 
Littorella,  X.  308. 
Liver-worts,  425. 
Loasa,  Adans.  283. 
Loasace^:,  283. 
Lobelia,  X.  301. 
Lobeliace^i,  301. 
Locust-trees,  258. 
Lodoicea,  Labill.  365. 
Logania,  i2.  -Br.  314. 
Loganiace^;,  314. 
Log-wood,  259. 
Lolium,  L.  397. 
Longan,  234. 
Zom<7  Pepper,  358. 
Lonicera,  Desf.  292. 
Lopezia,  Car.  269. 
Lophira,  Banks,  228. 

LoRANTHACEiE,  342. 

Loranthus,  X.  343. 
Lotus,  L.  255. 
Lotus,  ancient,  237, 252. 
Love-lies-bleeding,  338. 
Lucem,  257. 
Lufla,  280. 
Luhea,  W^.  227. 
Lupines,  257. 
Lupin  us,  X.  255. 


Luzula,  DC.  378. 
Lychnis,  L.  222. 
Lycoperdon,  Toumef. 
449. 

LYCOPODIACEiE,  412. 

Lycopodium,  L.  412. 
Lygodium,  Swartz,  417. 
Lysimacbia,  Mcench. 
310. 

Lythrace-e,  271. 
Lytbrum,  X.  271. 

.Mace,  342. 

Macropiper,  Miq.  358. 
Macrozaniia,  ilfi'j.  409. 
Madagascar  Poison-nut, 

317. 
Madder,  295. 
Magnolia,  X.  201. 
Magnoliace.e,  200. 
Magnolieje,  201. 
Maguey-plants,  389. 
Mahogany,  238. 
Mahonia,  2Vm#.  205. 
Maize,  399. 
Malaxis,  Sws.  382. 
Malcolmia,  R.  Br.  214. 
Malesherbiace-s:, 

278 
ilfa«oii;,  223. 
Malope,  X.  224. 
Malpigbia,  Plum.  237. 
Malpighiace^!,  237. 
Malva,  L.  224. 

Malvace^!,  223. 

Halved,  224. 

Mammee  apple,  231. 

Marnilkria,  Haw.  283. 

Manchineel,  349. 

Manchineel,bastard,317. 

Mandragora,  7W«.323. 

Mandrake,  324. 

Mandioc,  349. 

Mangold-iourzel,  339. 

Mangifera,  X.  252. 

jtfa«#o,  231,  253. 

Manqosteen,  231. 

Mangrove,  H^i'te,  329. 

Mangroves,  266. 

Manilla  Hemp,  388. 

MaW»a,  221,  257,  300. 


Manna  of  Mount  Sinai, 

221.  ' 
Ma  pies,  234. 
Maranta,  P/kot.  386. 
Maeantaceje,  386. 
Marattia,  <S'm.  417. 

MARATTIACEiE,  417. 

Marcgraavia,  X.  229. 

MAECGBAAVIEiE,  229. 

Marchantia,i(f«rc/t.  425. 
Marchantiace-s:,  425. 
Mare's-tail,  270. 
Margosa,  238. 
Marigold,  300. 
Marjoram,  328. 
Marking-nut,  252. 
Marmalade,  240,  312. 
Marrubiiun,  X.  327. 
Marsh-mallow,  224. 
Marsilea,  X.  411. 
Marsileace^e,  411. 
Martynia,  X.  330. 
ilfarreZ  o/"  Peru,  337. 
Mastic,  253. 
iktee,  313. 
J/atfco,  300,  358. 
Matthiola,  R.  Br.  214. 
MAYACEiE,  380. 
May-tree,  263. 
Meadow  Saffron,  378. 
Mecanopsis,  210. 
Medeola,  Gronov.  374. 
JfaSc,  257. 

Medinilla,  Gaudich.  269. 
ilf«tfa>-,  263,  312. 
Megacarpaea,  209,  214. 
Melaleuca,  X.  263. 
Melambo  bark,  246. 
Melampyruin,  X.  333. 
Melanorrbea,  Wall.  252. 
Melanthace-je,  377. 
Melantbium,  X.  378. 
Melastoma,  X.  269. 
Melastomace^i,  268. 
Melbania,  Forsk.  225. 
Melia,  X.  238. 
Mkliace^j,  238. 
Meliantbus,  X.  244. 
Melica,  397. 
Meliosma,  Endl.  233. 
Meliosme^j,  233. 
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Melobesia,  Lanix.  433. 
Melon,  281. 
Melosira,  Af/h.  449. 
Memecylon,  Z.  269. 

MEOTSPERMACEiE,  203. 

Menispermum,  Tournef. 

203. 
Mentha,  Z.  327. 
Mentzelia,  Z.  283. 
Menyanthes,  Z.  316. 
Mercurialis,  Z.  347. 
Mercury,  English,  339. 
Mertensia,  H.  B.  K  353. 
Mertensia,  Willd.  417. 
Merulius,  Hall.  450. 
Mesembbyanthace^;, 

276. 

Meseinbryauthemum, 

Z.  276. 
Metrosideros,  P.  Pr. 

264. 

Metzgeria,  Radd,  424. 
Mezereon,  344. 
Miconia,  Z>C.  269. 
Microcoleus,  Desmaz. 
439. 

Miersia,  Lindl.  380. 
Mignonnette,  216. 
.MWew  o/  f^m*,  453. 
Mildews,  445. 
Milk-worts,  235. 
JfefiSfeis,  399. 
Mimosa,  Z.  256. 
MurosEiE,  256. 
Mimulus,  Z.  333. 
Mint,  327. 
Mirabilis,  Z.  337. 
Mistletoe,  342. 
Mitcha-mitcho,  241. 
Mock-Orange,  273. 
Modecca,  Z.  277. 

MoLLUGINE-S!,  275. 

Mollugo,  Z.  275. 
Momordica,  Z.  280. 
Monimiaceje,  202. 
Monkey-apple,  231. 
Monkey-bread,  225. 
Monkey-pot  trees,  265. 
Monkshood,  199. 
Monnina,  P?«'z  #  Pay. 
236. 


MONOCOTYLEDONES, 
364. 

Monodora,  Z>im.  202. 
Monotropa,  iVwtt.  304. 
Monotropeje,  304. 
Monsonia,  Z.  242. 
Montia,  Michel.  275. 
Moon-seed,  203. 
Morchella,  ZW.  450. 
Morells,  451. 
Moreton-bay  Pine,  406. 
Morinda,  FaiS.  294. 
Moringace^:,  259. 
Moras,  Tournef.  351. 
ilfosses,  420. 
Mould,  445. 
Moidd  of  cheese,  454. 
Mountain  Ash,  263. 
Mouriria,  Zmss.  269. 
Jfo.ra,  300. 
Mucedine^;,  453. 
Mucor,  Mich.  453. 
MucoBEiE,  453. 
Mudar,  318. 
Mulcia,  ^4m.  280. 
Mulberry,  352. 
Mulinurn,  Pers.  287. 
Mullein,  335. 
Mundia,  Zmm^;  236. 
Munjeeth,  295. 
Musa,  Tournef.  387. 
Mtjsace^e,  387. 
Muscari,  Tournef.  375. 
Mushroom,  450,  451. 
Musk-plant,  335. 
Mustard,  215. 
Mustard-tree,  307. 
Mutisia,  Z.y?/.  299. 
Myoporum,  P/os.  *  5W. 
328. 

Myosotis,  Z.  325. 
Myrica,  Z.  355. 
Myricace^:,  355. 
Myricaria,  Desv.  221. 
Myrionema,  Grew.  436. 
Myriophyllum,  Vaill. 
270. 

Myriotrichia,  //am 436. 
Myristica,  Z.  341. 

MyRISTICACE^E,  341. 

Myrobalan,  268. 


Myrrh,  254. 
MYUSINACEiE,  811. 
Myrsine,  Z.  311. 
Myrtace^e,  263. 
Myrteje,  264. 
Myrtle,  264. 
Myrtus,  Tournef.  264. 
Myxogastre^e,  449. 
Myzodendron,  Sol.  343. 

Naiadace^;,  394. 
Naias,  Willd.  394. 
Napoleona,  Pal.  266. 
NABCISSEiE,  388. 
Narcissus,  Z.  388. 
Nardoo,  411. 
Nartheciuin,  Mcehr. 378. 
Nassavia,  Cowimer.s.299. 
Nasturtium,  P.  Br.  214. 
Natchnee,  399. 
Navicula,  Pory,  440. 
Nectandra,  Pott?.  340. 
Nectarine,  262. 
Neem-tree,  238. 
Negundo,  Mcench.  234. 

NELUMBIACEiE,  207. 

Nelumbium,  <7wss.  207. 
Nemophila,  Pari/.  319. 
Nepal  Barley,  398. 

NEPENTHACEiE,  363. 

Nepbelium,  Z.  233. 
Nerium,  Z.  317. 
Neroli,  239. 
iVe«fe  Ordfer,  350. 
Nettle,  Stinging,  351. 
Nettle-tree,  353. 
Neurada,  Z.  262. 

NEURADEiE,  262. 

New-Jersey  Tea,  252. 
New-Zealand  Flax,  377. 
Nicotiana,  Tournef.  323. 
NlDULARIEiE,  449. 
Nigella,  Tournef.  198. 
Nightshade,  324. 
Nipa,  Bumph.  369. 
Nitella,  4*7.  426. 
Nitraria,  Z.  237. 
Nolana,  Z.  325. 

NoLANACEiE,  324. 

Nopal-plant,  284. 
Norfolk  Island  Pme;406. 
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Nostoo,  Vaueh.  437. 
NuUiporea,  434. 
Nuplmr,  Smith,  206. 
Nut-gaUa,  355. 
Nutmeg,  342. 
Nutmegs,  Brazilian,  340. 
Nux-vomica,  315. 
Nyctaginaceje,  337. 
Nyctantkes,  Juss.  307. 
Nympbsea,  Neck.  206. 
Nympil;eaceje,  206. 

Oak-trees,  355. 
Ortfe,  399. 

OcHNACEJE,  247. 

Odontoglossum,  H.  B. 

K.  382. 
QSdogonie.2e,  438. 
GMogonium,  Link,  437. 
GEnantbe,  Lam.  288. 
GEnotbera,  L.  269. 
Oil  of  Ben,  260. 
Ot7  o/  Berqamot,  240. 
Oil-Palms,  368. 
Olacaceje,  314. 
Old-man' s-beard,  392. 
Olea,  Tournef.  306. 
Oleace^e,  306. 
Oleje,  306. 
Oleander,  317. 
Olibanum,  254. 
Oligorneris,  Cambass. 

216. 
Ofoe,  306. 
Oft'ye  Seaweeds,  436. 
Ompbalobium,  Gcertn. 

253. 

OnagbacejE,  261. 
Oneidiurn,  <Sfa».  382. 
Oncoba,  XbrsA.  217. 
Omwwi,  377. 
Onobrycbis,  Tournef. 
255. 

Onygena,  P.  449. 

ONYGENEiE,  449. 

Opegrapba,  Pers.  441. 
Opereularia,  A.  Rich. 
294. 

Opbiocaryon,  Schomh. 
233. 

OrHIOGLOSSEiE,  417. 


Opbioglossum,  X.  417. 
Ophvys,  Swz.  382. 
Opium  Poppy,  210. 
Opoponax,  ZToc/t,  288. 
Opoponax,  289. 
Opuntia,  Tournef  283. 
Orac/*,  339. 
Ofmr/e,  239. 
OrcM,  443. 
Orchid ACEiE,  381. 
Orchids,  381. 
Orcbis,  L.  382. 
Origanum,  X.  327. 
Omitbopus,  L.  255. 
Ornus,  Pers.  306. 
Orobanchace^e,  332. 
Orobancbe,  L.  332. 
Orontiace^e,  370. 
Orontium,  L.  370. 
Orris-ront,  391. 
Oryza,  X.  397. 
Osaqe  Oranqe.  352. 
Osbeckia,  X.  269. 
Oscillatoria,  Pose,  439. 

OsCILLATORIACEiE, 

439. 
Osiers,  356. 
Osmimda,  L.  417. 
Osiitjnde;e,  41 7. 
Ostrya,  /Sco/?.  354. 
Osyris,  L.  343. 
0«o  of  Poses,  263. 
Ouvirandra,  Thouai's, 

394. 

Oxaeidace.ze,  241. 
Oxabs,  X.  241. 
0.r%  310. 
Oxycoccus,  Tournef 
304. 

Oyster-bay  Pine,  406. 

Padina,  Adans.  434. 
Pffionia,  Tournef.  198. 
P.eonie.e,  198. 
Palissandre,  258. 
Paliurus,  Tournef.  251. 
Palmace.e,  305. 
Palmella,  .4$*.  4-37. 
P«J»w,  365, '368. 
Palmyra-wood,  368. 
Pampas-grass,  400. 


Pancratium,  X.  388. 
Pandanace^:,  309. 
Pandaneje,  369. 
Pandanus,  X. 369. 
Pandorina,  Ehrenb.  440 
Pangium,  Reimu.  277. 

PANGIACEiE,  277. 
PANICEiE,  397. 

Panicum,  L.  397. 
Pansy,  220. 
Papaver,  Tournef.  208. 
Papayerace.2e,'  208. 
Papaw,  277. 
Papayace.e,  277. 
Papayrola,  Aubl.  219. 
Paper-Mulberry,  351. 

PAPIt.IONACE.aE,  255. 

Papyrus,  Willd.  401. 
Paraguay  Tea,  313. 
Pareira  brava,  203. 
Parietales,  208. 
Parietaria,  Tournef.  350. 
Partetarie.ce,  350. 
Paris,  X.  374. 
Parlreria,  Hook.  417. 
Parkerie.ze,  417. 
Parmelia,  Fr.  441. 
Pavmentiera,  DC.  331. 
Pamassia,  X.  232. 
Pavonycbia,  Juss.  275. 
Paronychiaceje,  275. 
Paronychieje,  275. 
Parrotia,  C.  A.  Mey.  286. 
Parsley,  289. 
Parsnep,  289. 
Paspalum,  X.  399. 
Passiflora,  Jn-ss.  278. 
Passifloraceje,  278. 
Passion-flowers,  278. 
Patchouli,  328. 
Paullinia,  X.  233. 
Paullownia,  Zf/ec.  333. 
Pavia,  Boerh.  233. 
Pavonia,  CV?y.  224. 
Peach,  262. 

Peach,  Sierra  Leone,  295. 
Pear,  263. 
Pras,  257. 
Pedaliace.e,  330. 
Pediastrum,  Me  yen ,  440. 
Pedicularis,  X.  333. 
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Peganum,  Z.  244. 
Pelargonium,  Herit. 
242. 

Pellitory  of  Spain,  300. 
Penrea,  Z.  340. 
Pen^aceje,  340. 
Penicilliuni,  Lk.  453. 
Penny-royal,  327. 
Pentaptera,  Roxb.  208. 
Penthorurn,  Z.  274. 
Pentsternon,  Herit.  333. 
Peperoniia,  R.  Sj-P.  358. 
Peplis,  L.  371. 
Pepper,  358. 
Pepper -duke,  434. 
Peppermint,  327. 
Peppers,  247. 
PeresMa,  PJwm.  283. 
Periploca,  Z.  318. 
Pebispobe^j,  452. 
Pernambuca-wood,  259. 
Persimmon,  312. 
Petaioide^:,  372. 

PETIVERIEiE,  339. 
Petunia,  Jmss.  323. 
Peucedanum,  Z.  288. 
Phacidie-e,  452. 
Ph^ospobeje,  430. 
Phalsenopsis,  ZV.  382. 
PhalabidEjE,  397. 
Phalaris,  Z.  397. 

PHALLE2E,  449. 

Phallus,  Z.  449. 
Phanebogamia,  195. 
Pharbitis,  Chois.  320. 
Phascum,  Z.  421. 
Phaseolus,  Z.  255. 
Philadelphe^e,  272. 
Philadelphus,  Z.  272. 

PHILESIACEiE,  373. 

Phillyrea,  Tournef.  306. 

PlULYDBACEiE,  380. 

Phleum,  Z.  399. 
Phlomis,  Z.  327. 
Phlox,  Z.  319. 
Phloxes  319. 
Phoenix,  X.  365. 
Phorcnium,  Forst.  375. 
PhyUca,  Z.  251. 
Phyllanthus,  Z.  347. 
Phyllocactus,  Link,  283 


Phyllocladus,Z.  CiZtcAi 
406. 

Phylloglossum,  Eunze, 
414. 

Phyllophora,  Grey.  331. 
Physalis,  Z.  323. 
Phytelephas,  P.  8f  P. 
368. 

Phyteuma,  Z.  302. 

PHYTOCBENACEiB,  352. 

Phytocrene,  Wall.  352. 
Phytolaccace^;,  339. 
Piassaba,  368. 
Picrasma,  Blume,  247. 
Pilea,  Lindl.  350. 
Pilostyles,  Cri«7Z.  361. 
Pilularia,  Z.  411. 
Pimelea,  Banks  8f  Sol. 

344. 
Pimento,  264. 
Pimpinella,  Z>C.  289. 

PlNACEiE,  404. 

Pine-apple,  391. 
Pine-trees,  404. 
Pirtey  Dammar,  229. 
Pinguicula,  Tournef. 

335. 
Pm&s,  221. 
Pinus,  Z.  404. 
Piper,  Z.  358. 

PlPEBACEiE,  357. 

Pipebitj3,  209. 
Piriqueta,  Aubl.  279. 
Piscidia,  Z.  277. 
Pisonia,  Plum.  337. 
Pistachio-nut,  253. 
Pistacia,  Z.  252. 
Pistia,  Z.  371. 
Pisum,  Z.  255. 
Pita-thread,  389. 
Pitcaimia,  Herit.  391. 
Pe'i!c7t,  406. 
Pitcher-plants,  363. 

PlTTOSPOBACEiE,  248. 

Pittosporum,  Soland. 
248. 

Plagiochasma,  Lehm, 
425. 

PLAGIOSPEBMEiE,  280 

P/fawe,  353. 
Planera,  (???ie?.  353. 


Plant AGHNACEiE,  308. 
Plantago,  Z.  308. 
Plantain,  308,  387. 
Platanaceje,  353. 
Platanus,  Z.  353. 
Platystemon,Zen</i.208. 
Pleurandra,  Labill.  200. 
Plocamium,  Grew.  433. 
Plocaria,  Nees,  433. 
P7«m,  262. 

Plumb AGrNACEiE,  308. 
Plumbago,  Tournef.309. 
Plume-nutmegs,  341. 
Poa,  Z.  399. 
POACEiE,  397. 
PODAXTNTEJE,  449. 

Podocarpus,Z'ZTe'r.  406. 
Podophyllum,  Z.  205. 

PODOSTEMACEiE,  359. 

Poison-Elder,  253. 
Poison-nut,  317. 
Poison-Oak,  253. 
Polanisia,  iZn/-.  215. 

PoLEMONIACEiE,  319. 

Polemonium,  Tournef. 
319. 

Polyanthus,  310. 
Polycarpon,  Laffl.  275. 
Polygala,  Z.  236. 

PoLYGALACEiE,  235. 
POLYGONACEiE,  336. 

Polygonum,  Z.  336. 

PoLYPETALiE,  197. 
POLYPODIEiE,  416. 

Polypodium,  Z.  416. 

PoLYPOREjE,  450. 

Polyporus,  Mich.  450. 
Polysiphonia,  Grev.  433. 
Polytrichum,  Z.  421. 
Pome^!,  261. 
Pomegranate,  264,  271. 
Pompelmoose,  239. 
Pond-weeds,  394. 

PONTEDEBACEiE,  380. 

Poplars,  356. 
Poppy,  210. 
Populus,  Z.  356. 
Porcupine-wood,  368. 
Porphyra,  yly/i,  433. 
Pobphybe^e,  433. 
Portulaca,rotM-»e/".  275. 
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PoRTULACACEJTC,  275. 

Potalia,  Aiibl.  315. 
I'olimio^eton,  L.  394. 
Potato,  324. 
Potato  Fungus,  454. 
Potentilla,  L.  262. 

PoTENTILLID^E,  262. 

Poterium,  L.  262. 
Pothos,  L.  370. 
Prickly  Ash,  246. 
Prickly  Pear,  284. 
Primrose,  310. 
Primula,  L.  310. 
Primulace^e,  309. 
Prince's  Feathers,  338. 
Prinos,  L.  313. 
Printzia,  Cass.  299. 
Prism  atocarpus,  Alph. 

DC.  302. 
Privet,  306. 
Procrideje,  350. 
Prosopis,  L.  256. 
Protea,  X.  346. 
Proteace^;,  345. 
Protophyta,  192. 
Pruned,  261. 
Prunella,  X.  327. 
Primus,  261. 
Psidium,  X.  264. 
Psilotum,  Sw.  412. 
Psvchotria,  X.  294. 
Pt'elea,  X.  246. 
Pteris,  X.  416. 
Pterisantlies,  Blum. 

249. 

Pterospora,  2Vw#.  304. 
Puccinia,  Pers.  452. 
Puccoon,  210. 
Puff-balls,  449,  450. 
Pw/ses,  254. 
P/mpkin,  281. 
Punctaria,  GV-ra.  436. 
Punica,  X.  264. 
Purqinq-nut,  349. 
Purple-heart,  259. 
Purslane,  276. 
Putty-root,  384. 
i%a,  851. 

Pycnophycus,.ZM£z.  435. 
I'vivthru'm.&Ww.  298. 
Pyrola,  Zbwrae/.  304. 


Pyrole^e,  304. 
Pyrus,  Lindl.  262. 

Qualea,  ^4mW.  267. 
Quandang-nut,  344. 
Quassia,  247. 
Quassia,  X.  247. 
Quercitron,  355. 
Quercus,  X.  354. 
Quillaia,  MoZ.  262. 
Qdtxlaije,  262. 
Quill-ioorts,  413. 
Quinas,  246. 
Quince,  263. 
Quisqualis,  Rumph.2Qd>. 
Quitch,  406. 

Radiola,  Dillen.  240. 
IZaoteA,  215. 
Rafflesia,  12.  XV.  361. 

RaFFLESIACE^3,  361. 

Raisins,  249. 
Ramalina,  .4c7«.  441. 
Bambutan,  234. 
Rampion,  303. 
Ranunculace^e,  198. 
Ranunculeje,  197. 
Ranunculus,  X.  198. 
Raphanus,  7,o)»-He/'.214. 
Raspberry,  263. 
-Raia,  265. 

Ravenala,  Aclans.  387. 
Reaumuriace^;,  232. 
X^o"  Cerfflr,  406. 
XV7  Ifottfe,  335. 
Red  Seaiceeds,  432. 
.Red  Snow,  439. 
X^o",  400. 
Reindeer  Moss,  443. 
Reseda,  X.  216. 
Resedaceje,  216. 
Resin,  406. 
Restiace-s:,  400. 
Restio,  L.  400. 
Resurrection  plants,  413. 
Rhamnaceje,  251. 
Rliamnus,  Jiiss.  251. 
Rhapis,  X.  />7.  365. 
Rhatany,  286. 
Rheum,  X.  336. 
Rhexia,  iVwtt.  209. 


Rhinanthus,  X.  333. 
Rhipsalis,  Gcertn.  283. 

RlIIZOBOLEJE,  229. 
Hinzooi'.xs.  193. 
Rhizophora,  Lam.  267. 
Rhizophorack.t:,  266. 
Rhododenure^b,  304. 
Rhododendron,  X.  304. 
Rhodoleia,  Champ.  286. 
Rhodomela,  ^4<//t.  433. 
RlIODOMELE-E,  433. 

Rhodospermeje,  432. 
Rhubarb,  337. 
Rhus,  X.  252. 
Ribes,  X.  285. 
Ribesiacf.je,  285. 
Riccia,  Mich,  426. 
RicciACEiE,  426. 
.Rice,  399. 
Rice-paper,  290. 
Richardia,  Kunth,  370. 
Richardsonia,  Kunth, 
294. 

Ricinus,  Tournef.  347. 
Rissoa,  .4m.  239. 
Rivularia,  XWA,  439. 
Road-weed,  308. 
Rocambole,  377. 
Roccella,  DC.  441. 
XoeZ;  Roses,  217. 
Romneya,  X.  209. 
Rondeletia,  If/.  294. 
Rosa,  Tournef.  262. 
Rosacea,  260. 
RosEiE,  261. 
Rose-apples,  264. 
Rosemary,  328. 
.Roses,  285. 
Rosewood,  258. 
Rosidje,  262. 
Rosmarinus,  X.  327. 
Rottlera,  Roxb.  347. 

ROXBURGHIACEJE,  373. 

Rovena,  X.  312. 
Rubia,  Tournef.  294. 
Rubtacfje,  293. 
Rubus,  X.  262. 
RudbecHa,  X.  298. 
X*wc,  246. 
Puniox,  X.  336. 
Ruppia,  X.  394. 
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Ruscus,  Tournef.  375. 
Rushes,  378. 
Musts,  453. 
Ruta,  Tournef.  245. 
Rutaceje,  245. 
Rye,  399. 

Rye,  Ergot  of,  452. 
Rye-grass,  399. 

Sabadilla,  378. 
Sabal,  Adam.  365. 
Sabiaceje,  204,  253. 
Saccharum,  399. 
Saffioicer,  300. 
Saffron,  391. 
Saqapenum,  289. 
&4re,  328. 
Sagina,  X.  222. 
Sagittaria,  X.  393. 
(SWf/o  Palms,  366. 
Sago-plants,  409. 
Sagus,  Gcertn.  365. 
Saintfoin,  257. 
iSerfep,  384. 
Salicace^,  356. 
Salicomia,  Tourn.  339. 
Salisburia,  Sto.  406. 
Salix,  X.  356. 
Salloios,  356. 
Salomonia,  Xowr.  236. 
Salpiglossis,  -R.  P. 

333. 
Salsafy,  301. 
Salsola,  X.  339. 
Salvadobaceje,  307. 
Salvertia,  St.  Hil.  267. 
Salvia,  X.  327. 
Salvinia,  Mich.  411. 
Sambucus,  Tourn.  292. 
Samolus,  Tournef.  310. 
Samphire,  289. 
Samydace^e,  279. 
Sandal-wood,  343. 
Sandal-wood,  red,  258. 
Sandarac,  406. 
Sand-grasses,  400. 
Sangiiinaria,  210. 
Sanguisobbe;e,  261. 
Sanicula,  Tournef.  287. 
Sanseviera,  Thumb.  375. 
Santalace^;,  343. 


Santalum,  X.  343. 
Sap-green,  251. 
Sapindace-s:,  233. 
Sapindeje,  233. 
Sapindus,  X.  233. 
Sapodilla-plum,  312. 
Saponaria,  X.  222. 
Saponine,  223. 
Sapotace^e,  311. 
Sapria,  6rn'^  361. 

SAPBOLEGNTEiE,  438. 

Sapucaya-nuts,  265. 
Sarcocol,  346. 
Sarcocolla,  Zta.  346. 
Sarcophyte,  Sparm. 
360. 

Sargassum,  Rumph. 
435. 

Sarracenia,  X.  207. 
Sabbaceniaceje,  207. 
Sarsaparilla,  374. 
Sarsaparilla,  wild,  290. 
Sassafras,  iVees,  340. 
Sassafras,  341. 
Satin-wood,  E.  1.,  238. 
Sauraja,  JTW  229. 
Saubajeje,  229. 
Sauridia,  Harv.  389. 
Saubukace^!,  358. 
Saururus,  X.  359. 
Saussurea,  DC.  298. 
Sauvagesiace^;,  220. 
Savine,  406. 
Sawn/,  328. 
Saxifraga,  L.  272. 

SAXIFBAGACEiE,  271. 

Saxifbagales,  271. 
Saxifbage^e,  272. 
Saxifrages,  273. 
Scabiosa,  Rom.  Sclmlt. 

296. 
Scabious,  297. 
Scale-Mosses,  423. 
Scammony,  320. 
Scaphopetalum,  Mas£. 

225. 

Scepace^;,  349. 
Scbeuchzeria,  X.  393. 
Scbinus,  L.  252. 
Schizaja,  Smith,  417. 

SCHIZ-ffiEiE,  417. 


ScKzandra,  X.  C.  Rich. 
204. 

SCHIZANDBACEiE,  204. 

Scbizantbus,  R.  8f  P. 
333. 

Scbizopetalon,  Hook. 
214. 

Schcenus,  X.  401. 
Schotia,  Jacq.  255. 
Schweinitzia,  Ell.  304. 
Scilla,  X.  375. 
Scio  Turpentine,  253. 
Scirpus,  X.  401. 

SCLERANTHE-iE,  275. 

Scleranthus,  L.  275. 
Scolopendriuin,  Smith 
416. 

Scorzonera,  L.  301. 
£cofc/i  XYr,  404. 
Screw  Pines,  369. 
Scrophularia,  Tournef. 
333. 

SCBOPHULABIACE^E, 

323,  332. 
tfm«%  Oak,  229. 
Sea-Buckthorn,  345. 
Sea-Kale,  215. 
Seaweeds,  428. 
Sea-Wracks,  434. 
Secale,  X.  399. 
Secbium,  P.  XV.  280. 
Secotium,  XTse.  449. 
Securidaca,  X.  236. 
&%es,  401. 
Sedum,  X.  274. 
Selaginaceje,  329. 
Selaginella,  Spring.  412. 
Semecarpus,  L.  252. 
Semen  Contra,  299. 
Sempervivum,  X.  274. 
Senebiera,  Poir.  214. 
Senecio,  Xess.  298. 
Senna,  258. 
Sequoia,  406. 
Serratula,  DC.  298. 
Sesamum,  X.  330. 
Sesuvium,  L.  275. 
Setaria,  L.  397. 
Seville  Orange,  239. 
Shaddock.  239. 
>S7ia«oi(;  377. 
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Shaho,  399. 
Shamoola,  399. 
Shea,  312. 

Sherardia,  Dill.  294. 
Shorea,  Roxb.  228. 
Sicyos,  X.  280. 
Sida,  X.  224. 
Silaus,  2?ess.  288. 
Silene,  X.  222. 

SlLENEiE,  222. 

Silk-cotton-trees,  225. 
Silk-iceeds,  436. 
&'foer  XYr,  405. 
Simaba,  247. 
Siniaruba,  Auhl.  247. 
Simahubacb^!,  247. 
Sinapis,  Tournef.  214. 
Singhara-nut,  270. 
Siphocanipylus,  PoJd, 
301. 

Sisymbrium,  X.  214. 
Sisyrinchiuin,  X.  391. 
Skinnera,  Forst.  269. 
Skunk-cabbage,  371. 
Sineathniarmia,  Soland. 
278. 

Smilaceje,  374. 
Smilax,  X.  374. 
Smyrnium,  X.  287. 
Snake-gourd,  281. 
Snake-nut,  234. 
Snake-root,  236. 
Snap-dragon,  335. 
Snoio-berry,  293. 
Snowdrop,  388. 
Snoiudrop-tree,  314. 
Snow-flake,  388. 
Soap-root,  223. 
Soap-icorts,  233. 
Solanaceje,  321,  323. 
Solanum,  X.  323. 
Solidago,  X.  298. 
Sollya,  Zm<&  248. 
Solomon's  Seal,  377. 
Soncbus,  X.  299. 
Sonerila,  J2oa:6.  269. 
Sophora,  X.  255. 
Sorghum,  Pws.  397. 
-SbrreZ,  336. 
Souari-nuts,  230. 
Sour-sops,  202. 


Southern-wood,  299. 
Spaihcifloiue,  194, 
365. 

Sparganhim,  X.  369. 
Sparrnannia,  228. 
Speedwell,  335. 
tyieft,  399. 
Spergula,  X.  275. 
Spergularia,  Pers.  275. 
Spermacoce,  X.  294. 
Sphasria,  X.  452. 

SPEL33BIACEiE,  452. 

Speuebie^:,  452. 
Sphserocarpus,  Mich. 
426. 

SPH^BOCOCCEiE,  433. 

Sphaerococcus,  Grev. 
433. 

Sphrerophoron,  Pers. 
441. 

Sphseroplea,  Agh.  437. 
Sphserosterua,  Blum. 
204. 

SpHAGNACEiE,  442. 

Sphagnum,  ZWfoi.  422. 
Spide?--ioo7'ts,  379. 
Spigelia,  X.  314. 
Spike,  oil  of,  328. 
Spikenard,  296. 
Spinach,  339. 
Spinach,  New-Zealand, 
276. 

Spinacia,  Tournef.  339. 
Spindle-tree,  251. 
Spiraa,  X.  262. 
Spib-^id^e,  262. 
Spirogyra,  Zt«fc,  437. 
Splachnum,  X.  421. 
Split-Mosses,  423. 
Spondias,  X.  252. 
Sporogamia,  410. 
Spruce  Fir,  405. 
Spurge  Laurel,  344. 
Spurrey,  223. 
«7?«7;,'376. 
Staavia,  77wm6.  286. 
Stacbys,  j5«K«A.  327.  _ 
Stackiiouriace.e,251. 
Stagmavia,  Jack,  252. 
Stangeria,  Moore,  409. 
Stauhopea,  Po/vtf.  382. 


Stapelia,  X.  318. 
Stapbylea,  Z.  234. 
Stapityleace^e,  234. 
Star-Anise,  201. 
Star-apple,  312. 
Star-wort,  859, 
tftarc/i,  368. 
Statice,  X.  309. 
Staimtonia,  ZC.  204. 
Stavesacre,  199. 
Stellaria,  X.  222. 
Stella TiE,  294. 
Stemonitis,  Gled.  449. 
Stephanospha;ra,  Co/<w, 
440. 

Sterculia,  X.  226. 
Stebcttliaceje,  226. 
Stebculiej?;,  226. 
Stereocaulon,  Schreb. 
441. 

Sticta,  Schreb.  441. 
/S£.  Ignatius's  Bean,  315. 

StTLAGINACE^E,  352. 

Stilago,  L.  352. 
Stinginq-nettle,  351. 
Stip'a,  X.  397. 
jSfc.  John's-wort,  231. 
Sfocft,  215. 
Stone- crop,  274. 
Stone-pine,  405. 
St  or  ax,  gum,  313. 
Storax,  liquid,  286. 
Strasburg  Turpentine, 
406. 

Stratiotes,  X.  392. 
Strawberry,  263. 
Strelitzia,  XW.-s,  387. 
Streptocarpus,  Xwfft. 
331. 

Stringy-barks,  265. 
Strychnos,  X.  314. 
Stylibiace^e,  302. 
Stylidium,  5w.  302. 
Stybacace.*:,  313. 
Styrax,  ZWnef.  313. 
Subularia,  Adans.  214. 
Succory,  300. 
Sugar-cane,  399. 
Sumach,  253. 
Sun-dews,  218. 
Sun-flower,  300. 
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Sun-hemp,  224. 
Surinam  Medlar,  312. 
Swamp  Pine,  465. 
Swartzia,  Willd.  255. 
Sweet-leaf,  313. 
Sxoeet  Potato,  321. 
Sweet-sop,  202. 
(Stoerf  Vernal  Grass, 
399. 

Sweet  Violet,  220. 
Sweet  William,  223. 
Swieteuia,  Z.  238. 
Sycamore-Jig,  352. 
Symphoricarpus,  Z)*7£ 
292. 

Symphytum,  Z.  325. 
Synspoeeje,  439. 
Syringa,  Z.  306. 
Syringa,  273. 

Tabasheer,  400. 
Taberniemontana, 

Jftim.  317. 
Tacamahaca,  231. 
Tagetes,  Tournef.  298. 
Talinuni,  Adans.  275. 
Talloio-tree,  231. 

TAMARICACEiE,  220. 

Tamarind,  258. 
Tamarind-plum,  258. 
Tamarindus,  X.  255. 
Tamarisk,  220. 
Tamarix,  221. 
Tamus,  Z.  373. 
Tanghinia,  Thouars, 

317. 
Zaw/fe,  436. 
Taonia,  Z  ^/i.  434. 
Tapioca,  349. 
Zara,  371. 

Taraxacum,  Jim.  299. 
Tarragon,  299. 
Tasmannia,  7Z  Zr.  201. 
TAXACEiE,  406. 
Taxodiimi,  Z.  C.  Zic/j. 

404. 
Taxus,  Z.  400. 
Zen,  230. 

Tea,  Cape  of  Good 

llopp,  300. 
Tea,  Paraguay,  313. 


Teak,  329. 
r<?flseJ,  296. 
Tecoma,  Juss.  330. 
Tectona,  Z.  328. 
Teff,  399. 

Telfairia,  TZoo/fe.  280. 
Terebinthaceje,  252. 
Ternrmalia,  Z.  268. 

TEBMINALIEiE,  268. 

Ternstrcemia,M«ri;.229. 
Tebnstrcemiace^!, 
229. 

Teenstbcemie^!,  229. 
TetiUa,  DC.  273. 
Tetracera,  Z.  200. 
Tetragonia,  Z.  275. 
Tetrameles,  R.  Br.  282. 
Tetranthera,  Jacq.  340. 
Tetrapathasa,  Z>C.  278. 
Tetraphis,  Hedw.  421. 
Tetraspora,  Dec.  437. 
Teucrium,  Z.  327. 

THALAMIFLOEiE,  197. 

Tkalictrum,  Tournef. 
198. 

Thallogamia,  414. 
Thallogens,  427. 
Thallophyta,  192, 
427. 

Thamuockortus,  Berg. 
400. 

Thapsia,  Z.  288. 
Thea,  Z.  230. 
Theobroma,  Z.  225. 
Theoplirasta,  Juss.  311. 
Thesiurn,  Z.  343. 
Thismia,  Griff.  384. 
Z/Msfcs,  301. 
Thlaspi,  Dill.  214. 
Tliorn-apple,  324. 
TAri/i!,  309. 
Thuja,  Tournef.  404. 
Thunbergia,  Z.  329. 
Z%»ie,  328. 

THYMELACEiE,  344. 

Thymus,  Z.  327. 
Ticorea,  Aubl.  245. 
Tigridia,  Zwss.  390. 
Tilia,  Z.  227. 

TlEIACEiE,  227. 

Tillasa,  Mich.  274. 


Tillandsia,  Z.  391. 
Tmesipteris,Ze?7>;/».  412. 
Toad-flax,  335. 
Toadstools,  450. 
Tobacco,  324. 
Tocusso,  399. 
Todea,  Jf«  417. 
Tofieldia,  iZwds.  378. 
Tomato,  324. 
Tonka-bean,  258. 
Tournefortia,  Z.  Zr. 
326. 

Tous-les-mois,  387. 
Tradescantia,  Z.  379. 
Tragacanth,  226,  258. 
Tragopogon,  Z.  299. 
Trapa,  Z.  269. 
Zree  of  heaven,  247. 
Tremandra,  Z.  Zr.  236. 

TrEMANDRACE2E,  236. 

Tremella,  Dill.  450. 
Tremelle-E,  450. 
Trianosperma,  280. 
Tribulus,  Tournef.  244. 
Tricerastes,  Presl,  282. 
Trichia,  7Z«ZZ.  449. 
Trichocladus,  Pers.  286. 
Trichocolea,  Nees,  424. 
Trichogastreje,  449. 
Trichomaues,  Z.  417. 
Tricbostomum,  Hedw. 
421. 

Trifolium,  Z.  255. 
Triglochin,  Z.  393. 
Trillium,  Mill.  374. 
Zhjpe  de  roche,  443. 
Tripbasia,  Zo«<r.  239. 
Tripsacum,  399. 
Triticum,  Z.  397. 
Triumfetta,  Plum,  227. 
Trixis,  P.  Br.  209. 

TBOPJEOLACEiE,  243. 

Tropfeolum,  Z.  244. 
Zh#es,  449,  451. 
Trumpet-flower,  330. 
Trumpet-lily,  371. 
Tuber,  McA.  450. 

TuBEBEiE,  450. 

Tuberose,  377. 
TuBIPLOBiE,  298. 
Tulipa,  Tournef.  375. 
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Tulip-tree,  201. 
Tupa,  G.  Don,  301. 
Turkey-red.  245. 
Turmeric,  '■>*■>. 
Turnera,  Plum.  279. 
Turner  ace^e,  278. 
Turnip,  215. 
Turnsole,  349. 
Turpentine,  406. 
Tussac-gras8,  399. 
Tussilago,  Tournef .  298. 
Tympanis,  Tot/.  452. 
Typha,  Z.  369. 
Typhaceje,  369. 

Udora,  Nutt.  392. 
Ulex,  X.  255. 
Ulmace^;,  352. 
Ulme^,  353. 
Ulmus,  L.  353. 
Ulva,  Agh.  437. 
Ujibellifer^:,  286. 
Umbilicaria,  Hoffm. 
441. 

Unicelltjlares,  438. 
Upas  tieute,  315. 
Upas-tree,  352. 
Uredine^s,  452. 
Urenejb,  224. 
Urera,  350. 

TjREREiE,  350. 

Urtica,  Tournef.  350. 
Urticace^,  350. 
listeria,  Willd.  314. 
TJtricularia,  L.  335. 
Uvaria,  L.  202. 
Uva-ursi,  305. 
Uvularia,  £.  378. 

VACCTNIEiE,  303. 
Vaccinium,  L.  304. 
Valerian,  295. 
Valeriana,  iVecft.  296. 
Valerianace^e,  295. 
Vallisneria,  Mich.  392. 
Valonia,  355. 
Vanda,  22.  2ir.  382. 
Vanilla,  Sw.  382. 
FawtKo,  384. 
Vateria,  L.  228. 
Vaucheria,  2)C.  437. 


Vattcherieje,  438. 
Vegetable  Iran/,  868. 
/  regeiable  Marrow,  281. 
Vellozia,  .Mart.  389. 
Venice  'Turpentine,  486.- 
Vetius's  Fly-trap,  218. 
Veratrum,7Ww;/:  378. 
Verbascum,  i.  338. 
Verbena,  L.  328. 

VERBENACEiE,  328. 

Verbene^e,  328. 
Vernal-grass,  399. 
Veronica,  i.  333. 
Verrucaria,  Pers.  441. 
Vervain,  328. 
Vetivert,  399. 
Viburnum,  Z.  292. 
Vicia,  2v.  255. 
Victoria,  Lindl.  206. 
Villarsia,  Fe«<.  316. 
Vinca,  L.  317. 
Vincetoxicum,  Mcench. 
318. 

Vine  Mildew,  453. 
Fmes,  249. 
Viola,  L.  219. 

VlOLACEiE,  219. 

Violet,  220. 
Virginia  Creeper,  249. 
Virginian  Snake-root, 
362. 

Virola,  ^(mM.  341. 
Viscum,  Tournef.  343. 
Visraia,  Fetfos,  232. 
Vitace^;,  248. 
Vitex,  X/328. 
Vitis,  L.  249. 
Vivianace^;,  243. 
Vocbysia,  Juss.  267. 
Vochysiaceje,  267. 
Volvo  cinie;e,  440. 
Volvox,  Lam.  440. 

Wall-Jlower,  215. 
JFa&iw*,  354. 
Waltberia,  L.  226. 
J] 'am pec,  240. 
fParree,  399. 
Water-beans,  207. 
Water-chestnut,  270. 
Water-cress,  215. 


Water-hemlock,  289. 
Water-lilies,  207. 
Water-peppers,  232. 
Water-weed,  392. 
Wax- Myrtle,  355. 
TF«,  217. 

Welwitscbia,  Hook.  f. 

407. 
Wermuth,  299. 
7F/<ea<,  399. 
TO&>  rw«f,  453. 
Whortle-berry,  305. 
Wig-plant,  253. 
Wildenovia,  Thunb. 

400. 
Willows,  356. 
Wintered,  201. 
Winter  Aconite,  199. 
Winter-green,  305. 
Winters  bark,  201. 
Witeh-Hazel,  286. 
*Pbad,  215. 
Wood-oil,  238. 
TFbotf- Sony?//,  241. 
Woorali,  315. 
Worm-seed,  339. 
Wormwood,  299. 
Wrigbtia,  22.  2?r.  317. 
IF/c/t  2#m,  353. 

Xantbocbymus,  Roxb. 
231. 

Xantbopbylliun,  22«.r6. 
236. 

Xantborrbcea,  iSVn.  376. 
Xanthoxylaceje, 
246. 

Xantboxylon,  Kunth, 
246. 

Xerautbemum,  Tournef. 
298. 

XylophvUa,  i.  347. 
Xylopia,  X.  202. 
Xyridaceje,  379. 
Xyris,  i.  379. 

Faws,  372. 
Yeast-plant,  454. 
FeZfojo  2?«rtfc,  335. 
Yellow-root,  199. 
Yellow-wood,  238. 


'       "  AjUx^c^    u?  £j  ctL  «  & 

JU>  £.  sC^zz  ~xzo  77^' filter  9^aez-<"~~*- 

JU^r  f^^y  ttr-     &  <r~^f  €^~~*  s&?^ 

XL 


Jc^cC       ctCs  foiX> **u<?  <%w>-<.  ^  i  u^u/>  cx-^L^JT1  a^jzx^  C/i^y^ 

US*.  oCa+a*.  +fmm^  /ZTSL     Cc^A,     ^7  /fet   ^  -f 


0-1+.*.*^     a—  ^C*.*.       c^-  -C<*. 


cJ&T  TU.  J/u^-aU     *L/)<*r+  yc^vUj 
qJ       Crw        oLi^    ■  J&mu    clc-c-  «co 
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Yetu-trees,  406. 
Yucca,  L.  375. 

Zamia,  L.  409. 
Zannichellia,  Mich.  394. 


Zea,  L.  399. 
Zebra-wood,  253, 295. 
Zedoary,  385. 
Zingiber,  Gcertn.  385. 

ZlNGIBERACEiE,  385. 


Zinnia,  L.  298. 
Zizyphus,  Tournef.  251. 
Zostera,  L.  394. 

ZYGOPHYLLACEiE,  244. 

Zygophyllum,  L.  244. 
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Abaxial  embryo,  153. 
Abbreviatory  marks,  80. 
Abortion,  88,  90,  91. 
Abruptly  pinnate,  59. 
Absorption,  561. 
Accessory  buds,  68. 
Accrescent  calyx,  102. 
Accumbent  cotyledons, 

152. 
Acerose,  54. 
Acheene,  140.' 
Achamium,  140. 
Acblamydeous,  90. 
Acids,  organic,  573. 
Acrobrya,  516. 
Acrogens.  stems  of,  516. 
Aculei,  65. 
Acuminate,  55. 
Acute,  55. 
Adherent,  95. 
Adhesion,  88,  94. 
Adnate  anther,  114. 

 stipules,  49. 

Adventitious  buds,  68,581. 

  roots,  17,  18,  525, 

539. 
Aerial  roots,  19. 

  system,  512. 

Aerophyta,  10,441. 
•/Estivation,  72,  98. 
Age  of  plants,  549. 
Airrcanals,  512. 
Ala3,  105. 
Alate,  49. 

Albumen  of  seeds,  150. 

 centrale,  153. 

 periphericum,  153. 

Albuminous  (seeds),  151. 
Alburnum,  523. 
Aleurone,  496. 
Algre,  morphology  of, 428. 


Algte,    reproduction  of, 
589. 

Alternate,  40. 

Alternipinnate,  60. 

Altitude,  regions  of,  645. 

Amber,  671. 

Amentum,  76. 

Amniotic  sac,.  151. 

Amphigastria,  423. 

Amphisarca,  145. 

Amphitropous,  131. 

Amplexicaul,  55. 

Amyloid,  486. 

Anatomy  of  leaves,  528. 

■  of  roots,  524. 

 of  stems,  515. 

Anatropous,  130. 

Androecium,  113. 
Androphore,  97. 
Androspores,  591. 
Angiospermia,  10. 

 ,  ovules  of,  610. 

Angiosporas,  10. 

 ,    reproduction  of, 

595. 
Angular,  38. 

 divergence,  42. 

Anisomerous,  91. 
Anisostemonous,  117. 
Annual  plants,  547. 
  rings  of  Dicotyle- 
dons, 521. 

 stems,  32. 

Annular  cells,  484. 

 vessels,  502,  504. 

Annulus  of  Ferns,  418. 
Anther,  113. 

 ,  faces  of,  114. 

 ,  forms  of,  115. 

 ,  structure  of,  530. 

Antheridia.410,553, 589. 


Antheridia  of  Algae,  589. 

Antherozoids,  552,  589. 

Anthocarpous  fruits,  146. 

Anthophore,  97. 

Anthracite,  670. 

Apetalous,  90. 

Apex  of  leaf,  55. 

Apocarpous  fruits,  137. 

 ■  pistil,  122. 

Apothecia,  442. 

Arabine,  497. 

Arbor,  39. 

Arbusculus,  39. 

Archegonia,  533,  598,601. 

Arcuate  embryo,  152. 

Areas  of  distribution,  637. 

Arillode,  150. 

Arillus,  150. 

Arista,  111. 

Articulate,  38. 

Articulation  of  leaves,  46. 

Artificial  classifications, 

181. 
Ascending,  38. 

 ovule,  129. 

Ascent  of  sap,  565. 
Asci,  445. 
Ascidia,  63. 
Assimilation,  573. 
Astomous,  422. 
Atropous,  130. 
Auriculate,  55. 
Authority  for  names,  167. 
Awl-shaped,  53. 
Awn,  111. 
Axial  embryo,  153. 

;  roots,  17,  526. 

Axil,  22,  39. 
Axile  placentas,  124. 
Axillary  buds,  22,  67. 
 inflorescence,  72. 


mis 
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Axillary  stipules,  49. 
Axis,  ascending,  21. 

 ,  hypoeotyledonary, 

22. 

Axogamia,  10,  597. 
Asopbyta,  10. 

Bacca,  146. 
Balausta,  147. 
Balsams,  577. 
Banyan-tree,  20. 
Bark,  508. 

Basidiospores,  445,  534. 
Basidium,  445. 
Basilar  style,  126. 
Bassorine,  497. 
Bast,  523. 

Bentham  and  Hooker's 
System,  194. 

Berry,  145. 

Biennial  plants,  547. 

 stems,  33. 

Bignoniacese,  stemsof,521. 

Bilabiate  calyx,  102. 

 corolla,  106. 

Bilocular  antber,  116. 

Binary  flowers,  87. 

Bipinnate,  60. 

Bipinnatifid,  58. 

Bipinnatipartite,  58. 

Bipinnatisect,  58. 

Biternate,  60. 

Blade,  46. 

"  Bleeding,"  569. 

"Bloom"  of  fruits  &c.,578. 

Botanical  geograpby,641. 

 geology,  670. 

 paper,  4. 

 regions,  653. 

Botbrencbyma  (pitted  tis- 
sue), 502,  504. 

Bracteoles,  74. 

Bract-region,  24. 

Bracts,  46,  72,  74. 

Bristles,  62. 

Broom-rapes,  21. 

Budding,  584. 

Buds,  66. 

 adventitious,  68,581. 

 ,  axillary,  22. 

 ,  on  roots,  21. 

 ,  terminal,  22. 

 ,  winter,  70. 

Bud-scalcs,  69. 
Bulb,  25. 


Bulbils,  26. 
Bundles,  definite,  508. 

 ,  fibro-vascular,  506. 

 ,  progressive,  508. 

 ,  simultaneous,  507. 

 ,  vascular,  of  Dico- 
tyledons, 507. 

Caducous,  83. 

 calyx,  102. 

 corolla,  108. 

Calycifloral,  95. 

Calyx,  characters  of,  100. 

 ,  common,  79. 

 ,  lobes  of,  101. 

 ,  throat  of,  101. 

 «-,  tube,  97,  101. 

Calyptra  (of  Mosses),  421, 
598. 

Cambium-region,  506. 

 of  Monocotyle- 
dons, 518. 

 of  Dicotyledons,  520. 

Campanulate,  101,  105. 

Campylotropous,  131. 

Canaliculate,  48. 

Canals  for  secretions,  514. 

Cancellate-nerved,  52. 

Caoutchouc,  578. 

Capillary,  114. 

 action,  565. 

Capitate  stigmas,  127. 

Capitulum,  78. 

Capsule,  143. 

Carbon,  assimilation  of, 
574. 

Carbonate  of  lime,  excre- 
tion of,  578. 

Carbonic  acid,  absorption 
of,  571. 

 ,  evolution  of,  572. 

Carcerulus,  143. 

Carina,  105. 

Carpels,  120. 

  of  Gymnosperms, 

128. 

Carpophore,  97, 136. 
Caryophyllaceous  corolla, 

104. 
Caryopsis,  143. 
Catkin,  76. 
Caudex,  35. 
Caudicle,  120. 
Cauliclc  (=hypocotyle- 

donary  axis),  22. 


Cauline  leaves,  46. 

Cells  of  anthers,  115. 

 of  ovaries,  123. 

Cells,  470. 

 ,  annular,  484. 

 ,  circulation  in,  552. 

 ,  clathrate,  483. 

 -,  colonies  of,  499. 

 ,  conducting,  501. 

 ,  contents  of,  488. 

 ,development  of,  531. 

 ,  duration  of,  549. 

 ,  fibrous,  483. 

 ,  form  of,  472. 

 ,  magnitude  of,  476. 

 ,  nucleus  of,  491. 

 ,  perforated,  482. 

 ,  pitted,  480. 

 ,  reticulated,  484. 

 ,  scalariform,  484. 

 ,  spiral,  483. 

Cell-division,  531. 

Cell  formation,  free-,  531, 
534 

Cell-life,  551. 

Cell-membrane,  composi- 
tion of,  487. 

 ,  molecular  structure 

of,  478. 

Cell-wall,  477. 

Cellular  envelope,  520, 
523. 

 system,  505. 

Cellulose,  485. 

 ,  detection  of,  486. 

Central  placentas,  124. 
Centres  of  diffusion,  637. 
Centrifugal  inflorescence, 
75. 

Centripetal  inflorescence, 
75. 

Ceramidium,  431. 
Cernuus,  38. 
Chalaza,  130. 
Characex,reproduction  of, 
595. 

"Cbaractors"ofplants,173. 

 ,  diagnostic,  171. 

Chemical  test,  5. 
Chemistry  of  vegetation, 
558. 

Chlorophyll,  492. 
Chorisis,  89,  214. 
Cicatrix,  49. 
Cinenchyma,  509. 
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Circinate,  71. 
Circulation  in  cells,  552. 

 of  sap,  570. 

Circurnscissile  dehiscence, 

136. 
Cirri,  63. 
Cladode,  39. 

Cladophora,  cell-division 

of,  533. 
Classes,  Linnean,  183. 
Classification  of  fruits, 

138. 

 ,  principles  of,  155. 

 ,  systems  of,  181. 

Clathrate  cells,  483. 
Claw  of  petals,  103. 
Climate,  631. 
Climbing  plants,  38,  630. 
Cloves,  26,  582. 
Coal,  670. 
Coats  of  ovule,  129. 
Cocci,  135. 
Coccidium,  431. 
Cochleariform,  104. 
Ccenanthium,  81. 
Cohesion,  88,  93. 
Coleorhiza,  18,  525. 
Collar  of  stems,  526. 
Collateral  multiplication, 
89. 

Collenchyma,  501. 
Collenchyma-cells,  501. 
Colloid,  562. 
Colonies  of  cells,  499. 
Coloured  light,  action  of, 
571. 

Colouring    matter  of 

flowers,  498. 
Columella  of  Mosses,  421. 
Column  of  Orchids,  123. 
Coma,  149. 
Common  calyx,  78. 
Common  receptacle,  78. 
Complete  flower,  88,  90. 
Compound  flower,  78. 

 fruits,  145. 

 glands,  513. 

 inflorescence,  81. 

 leaf,  51,  58. 

 pistils,  122. 

 stamen,  89. 

 umbel,  77. 

Compressed,  38. 

 calyx,  102. 

Concave  petal,  104. 


Conceptacles,  433,  434. 
Conceptaculum,  143. 
Condition  of  food,  564. 
Conduplicate,  71. 
Conducting  cells,  501. 

 tissue,  530. 

Cone,  76. 

Confervoids,  reproduction 

of,  591. 
Confluent  fruits,  147. 
Conidia,  154,  534. 
Conifer*,  reproduction  of, 

608. 

 ,  stems  of,  519. 

 ,  wood  of,  521. 

Conjugation,  590. 

■  in  Fungi,  589. 

Connate  leaves,  55. 

 stipules,  50. 

Connective,  115. 
Connivent  sepals,  101. 
Consistence  of  leaves,  61. 
Contact  action,  556,  574. 
Contents  of  cells,  488. 
Contorted  estivation,  99. 
Convolute,  72. 
Convolutivesestivation,99. 
Cordate,  53. 
Coriaceous,  61. 
Cork,  511. 
Corms,  27. 
Cormophyta,  10. 
Corolla,  characters  of,  103 . 
Corollifloral,  95. 
Corona,  107. 
Coronet,  107. 
Corpuscles,  germinal,  603, 

611. 
Corpuscula,  608. 
Corrugate,  99. 
Cortex  of  fruits,  133. 
Cortical  system,  508. 
Corymb,  76. 
Corymbose  cyme,  80. 
Costa;,  51. 
Cotyledons,  15, 152. 
Creeping,  38. 
Cremocarp,  146. 
Crenate,  56. 
Crested  petals,  104. 
Crista,  104. 

Cruciform  corolla,  104. 
Crude  sap,  565. 
Cryptogamia,  10. 
 ,  morphology  of,  153. 


Cryptogamia,  roots  of, 

524. 
Crystals,  499. 
Crystalloid,  563. 
Cubic  cells,  474. 
Culm,  33. 
Cuneate,  53. 
Cup-shaped,  101. 
Cupule,  145. 
Curved  embryo,  152. 
Curvinerved,  52. 
Cuscuta,  21. 
Cuspidate,  55. 
Cuticle,  511. 
Cuttings,  527,  583. 
Cycle,  41. 
Cylindrical,  101. 

 ■  cells,  472. 

Cyme,  39,  79. 
Cynarrhodum,  142. 
Cypsela,  145. 
Cystolithes,  499. 
Cytoblast,  491. 

Dark,  plants  grown  in  the, 
572. 

Darwin's  hypothesis,  162. 
Death  of  plants,  549. 
DeCandolle's  System,192. 
Deciduous,  83. 

 calyx,  102. 

 corolla,  108. 

 leaves,  61. 

Decimate  stamens,  118. 
Decomposition  of  carbonic 

acid,  572. 
Decompound,  58,  60. 
Decumbent,  38. 
Decurrent,  49. 
Decurrent  leaves,  55. 
Decussate,  45. 
Dedoublement,  89. 
Definite  inflorescence,  75. 
 vascular  bundles, 

508.  _ 

Definition  of  plants,  542, 
Defloxed,  39. 
Defoliation,  521,  529. 
Dehiscen  ce  of  ant  hers,  1 1 7. 

 of  fruits,  133. 

Deltoid,  53. 
Dentate,  56. 

Deposits,  secondary,  479. 

 ,  siliceous,  487. 

 ,  tertiary,  485. 
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Derivative  hypothesis, 
161. 

Doscent  of  sap,  570. 
Description  of  plants,170. 
Development,  575. 

 ,  laws  of,  545. 

 of  cells,  531. 

 of  floral  organs,  541. 

 of  leaf-organs,  540. 

 of  ovules,  541,  610. 

 of  roots,  539. 

 of  stamens,  541. 

 of  stem,  538. 

 of  stomata,  536. 

 of  vessels,  537. 

 ,  progressive,  83. 

 ,  simultaneous,  541. 

 ,  successive,  541. 

Dextrine,  485,  496. 
Dextrorse,  100. 
Diadelphous,  119. 
Diagnoses  of  plants,  176. 
Diagnostic  tables,  179. 
Dialysepalous,  100. 
Diandrous,  117. 
Diatomacea3,reprocluction 

of,  590. 
Dichlamydeous,  90. 
Dichogamous,  615. 
Diclesium,  141. 
Diclinous,  90,  112,  615. 
Dicotyledones,  10,  14. 

 ,  roots  of,  526. 

 ,  stems  of,  519. 

Didynamous,  118. 
Diffusion,  centres  of,  637. 

 of  fluids,  562,  564. 

Digitate,  60. 
Dilated  filament,  114. 
Dimerous  flowers,  87. 
Dimidiate  anther,  116. 
Dimorphism,  615. 
Dioecious,  90. 
Diplotegia,  146. 
Direction  of  seeds,  148. 
Discoid  florets,  79. 
Disk,  79,  97. 
Dissected  leaves,  58. 
Dissepiments,  124. 
Distichous,  41. 
Distinct,  93. 
Distribution,  geological 

causes  of,  639. 
Divaricate,  39. 
Divergent  sepals,  101. 


Diverticula,  611. 
Division  of  cells,  475. 
Dodder,  21. 
Dorsum  (if  anther,  114. 
Dots  of  cell-membrane, 
479. 

Dotted  ducts,  504. 
Doubly  dentate,  56. 
Doubly  serrate,  56. 
Dracrcna,  stem  of,  518. 
Drupe,  141. 

Ducts  dotted  or  pitted, 

504. 
Dumes,  34,  39. 
Duramen,  522. 
Duration  of  calyx,  102. 

 of  leaves,  61. 

 of  plants,  547. 

Elaboration  of  food,  571. 
Elasticity  of  tissues,  626. 
Elaters  of  Equisetum, 
415. 

 of  Liverworts,  425. 

Elementary  organs,  469. 
Elements,  chemical,  558. 
Elliptical,  53. 
Emarginate,  55,  115. 
Embryo,  15,  131,  148, 
151. 

 of  Cryptogamia,  597. 

Embryo-cells,  formation 
of,  508. 

Embryo-sac,  131,  601. 

 ,  secondary,  608. 

Embryogeny  of  Angio- 
spermia,  610. 

  of  Gymnospermia, 

608. 

Emergence,  94. 

Enation,  88. 

Endlicher's  System,  192. 

Endocarp,  133. 

Endopleura,  149. 

Endosmose,  563. 

Endosperm,  150,  151. 

Endosperm-cells,  forma- 
tion of,  537. 

Endostome,  130. 

Endothecium,  530. 

Ensiform,  53. 

Entire  leaves,  51,  55. 

 sepals,  100. 

Epicalyx,  98. 

Epicarp,  133. 


Epidermis,  508. 

 ,  development  of,527. 

 ,  pitted,  485. 

Epigone,  424. 
Epigynous,  95. 
Epiphytes,  20. 
Equisetaceaj,  morphology 

of,  415. 
 ,  reproduction  of, 

581. 

 ,  stems  of,  516. 

Equitant,  71. 
Erect,  37. 

 ovule,  129. 

Essential  characters,  176. 

 oils,  498. 

 organs,  90. 

 of  flowers,  112. 

Etajrio,  141. 

Etiolation  of  plants,  572. 
Evaporation  of  fluids,566. 
Evergreen  leaves,  61. 

 plants,  548. 

Evolution  of  carbonic 
acid,  572. 

■  of  heat,  622. 

 of  nitrogen,  572. 

 of  oxygen,  571. 

Exalbuminous,  150. 
Excentric  embryo,  153. 
Excrescent,  83. 
Excretion  of  air,  576. 

 of  water,  576. 

Exendospermous,  151. 
Exostome,  130. 
Exserted,  118. 
Exstipulate,  48. 
Extra-axillary,  82. 
Extrorse,  119. 

Face  of  anther,  114. 
Fall  of  the  leaf,  529. 
Families  of  cells,  590. 
Farinaceousendosperm  or 

albumen,  151. 
Fasciation,  82. 
Fasciculate  leaves,  44. 

 roots,  19. 

Fasciculus,  80. 
Faux,  101. 
Favella;,  433,  594. 
Felted  tissue,  502. 
Female  flowers,  90. 
Fenestrate,  144. 
Fermentation,  574. 
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Ferns.morphology  of,  41 6. 

 ,  reproduction  of,581. 

 ,  stems  of,  516. 

Fertile  flowers,  90. 

Fertilization,  phenomena 
of,  614. 

 ,  cross,  615. 

 ,  self-,  614. 

Fertilization  of  ovules, 
607, 608,613. 

Fibre,  primitive,  479. 

 ,  woody,  501. 

Fibrillar  19. 

Fibrils  of  roots,  527. 

Fibrose,  487. 

Fibrous  cells,  483. 

Fibrous  layer  of  Mono- 
cotyledons, 517. 

Fibrous  roots,  19. 

Fibro-vascular  bundles, 
506. 

 system,  506. 

Filament,  113. 
Filiform,  113. 

 cells,  473. 

Filiform  segments,  58. 
Fissiparous  reproduction, 
590. 

Fistular  stems,  37. 
Fixed  oils,  497. 
Flexuous,  37. 
Floating,  38,  61. 
Floccose,  62. 
Floral  envelopes,  98. 

 organs,  structure  of, 

529. 

Florets,  78,  106. 
Flower,  83. 
Flower-bud,  72. 
Flowers,  "doubling"  of, 
158. 

 ,  essential  organs  of, 

112. 

 ,  parts  of,  85. 

Fluids,  diffusion  of,  564. 

 ,  evaporation  of,  566. 

Fluitans,  38. 
Folded  embryo,  152. 
Foliaceous  cotyledons, 
152. 

 peduncle,  82. 

Foliola,  58. 

Follicle,  141. 

Food,  elaboration  of,  571. 

 of  plants,  558. 


Foramen,  129. 
Forces,  physiological, 
542. 

Form  of  cells,  472. 
Formations,  floras  of, 672. 
Fossil  floras,  672. 

 plants,  670. 

Fossils,  kinds  of,  670. 
Free,  95. 

Free-cell  formation,  531, 
534. 

 central  placenta,  125. 

 fruits,  137. 

 stipules,  49. 

Fruits,  characters  of,  131. 

 ,  classification  of,137. 

 ,  dehiscence  of,  133. 

 monothalamic,  138. 

 polythalamic,  140. 

Frutex,  39. 
Fruticulus,  39. 
Fucaeeaj,  reproduction  of, 
589. 

Fungi,  443,  589. 

 ,  morphology  of,  443. 

 ,  reproduction  of, 

589. 

Funiculus,  129,  148. 
Furfuraceous,  62. 
Furrowed,  38. 
Fusiform  cells,  473. 
 root,  18. 

Galbulus,  148. 
Galeate,  106. 
Gamosepalous,  93,  100. 
Gelatinous  coat  of  cells, 

479. 
Geminate,  40. 
Gemmae,  581. 
Gemmation,  553. 
Genera,  names  of,  160, 

165. 

 ,  nature  of,  159, 161. 

Generation,  spontaneous, 
544. 

Generic  character,  176. 
Genus,  nature  of,  159, 
177. 

Geographical  botany,  642. 
Geological  botany,  670. 
 influences  on  distri- 
bution, 639. 
Geology,  botanical,  670. 
Germ-cell,  590. 


Germinal  corpuscles,  608, 
611. 

Germination,  621. 
Gibbous,  102. 

 petals,  104. 

Glabrescent,  62. 
Glabrous,  39,  62. 
Glands,  62,  66,  513. 
Glandular  filaments,  114. 
Glans,  145. 
Gleba,  449. 
Globose  cyme,  80. 
Globule  of  Characea?,  596. 
Glomerulus,  80. 
Glume,  110. 
Glumella,  110. 
Glutinous,  62. 
Gonidia,  154. 
Gonophore,  97. 
Grafting,  585. 
Granulose,  495. 
Growing  points,  538. 
Growth  of  Dicotyledons, 

523. 
Gum,  497. 

 ,  exudation  of,  576. 

Gutta  percha,  578. 
Gymnospermia,  10,  15. 

 ,  carpels  of,  128. 

 ,  embryogeny  of,  608. 

 ,  ovules  of,  608. 

— — ,  pollen  of,  606. 

 ,  stamens  of,  1 17. 

Gymnosporas,  10. 
Gynrecium,  113. 
Gynandrous,  95,  119. 
Gynandrophore,  97. 
Gynobasic,  126. 
Gynophore,  97. 

Habit  of  plants,  547. 
Habitat,  180. 
Hairs,  510. 
Half-equitant,  71. 
Hastate,  53. 
Haulm,  34. 
Heart-wood,  523. 
Heat  of  plants,  622. 
Hepaticaj,  morphology  of, 
425. 

 ,  reproduction  of,580, 

597. 

Herbaceous  stems,  32. 
Herbarium,  4. 
llespcridium,  145. 
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Heterogeny,  545. 

Heterostylia,  616. 

Heterotropous,  130. 

IlUum,  130,  149. 

Hirsute,  3'.),  62. 

Hispid,  62. 

Hooked  embryo,  152. 

Horizontal  ovule,  129. 

Horny  endosperm  or  al- 
bumen, 151. 

Humifusus,  38. 

Humus,  560. 

Hybridization,  617,  618. 

Hybrids,  159, 169. 

 from  grafting,  584, 

587,  621. 

 -,  names  of,  169. 

Hydropbyta,  10. 

Hypocotyledonary  axis, 
22. 

Hypocrateriform,  105. 
Hypogynous,  94. 

 scales,  111. 

Hysteropbyta,  10,  443. 

Imbibition,  626. 
Imbricate  buds,  70. 

 aestivation,  99. 

 leaves,  44. 

Imbricative  festivation,99. 
Imparipinnate,  59. 
Imperfect  flowers,  90,112. 
Impressions  of  plants,670. 
Inarching,  585. 
Incised,  56. 
Included,  118. 
Incomplete,  90, 112. 
Incumbent  cotyledons, 
152. 

Indefinite  bulbs,  27. 

 inflorescence,  74. 

Induplicate,  71. ' 
Indusium,  419. 
Inferior,  95. 

 fruits,  137. 

 ovary,  122. 

Inflated,  102. 

 petioles,  63. 

Inflorescence,  24,  72. 

 ,  extra-axillary,  82. 

Infrutescence,  147. 
Infundibuli  form,  101,105. 
Innate  anther,  114. 
Insertion,  46.  « 
 of  floral  organs,  45. 


Integuments  of  ovulo,129. 
Integumentum  externum, 
130. 

 internum,  129. 

Intercellular  passages, 
512. 

Internal  anatomy,  515. 
Iuternodes,  22. 
Interpetiolar  stipules,  50. 
Interruptedly  pinnate,59. 
Intrapetiolar  stipules,  50. 
Introrse,  119. 
Inuline,  496. 
Involucel,  74. 

 (Jungermanniacese), 

424. 
Involucre,  74. 

 (Jungermanniace»), 

424. 
Involute,  72. 
Iodine  test  for  starcb,  495. 
Irregular  calyx,  101. 

 corolla,  105. 

 perianth,  108. 

Irregularity,  88,  95, 104. 
Irritability,  626. 
Isomerous,  91. 
Isostemonous,  117. 

Jointed,  38. 
Juga,  59. 

Jussieuan  System,  190. 
Keel,  105. 

Kingdom,  Vegetable,  194. 
Knots  of  Dicotyledons, 

523. 
Labellum,  109. 
Labiate,  107. 
Laciniate,  57. 
Lacunoe,  512. 
Lrevis,  39. 
Lamina,  46. 

 of  leaf,  51. 

 of  petal,  103. 

Lanate,  39,  62. 
Lanceolate,  53. 
Lateral  embryo,  153. 

 ;  style,  127. 

Latex,  578. 

Laticiferous  canals,  514. 
Lattice-nerved,  52. 
Laws  of  development, 

545. 
Layers,  583. 


Laying,  583. 
Leaf,  39. 

 ,  fall  of,  529. 

Leaf-bud,  66. 
Leaflets,  51,  58. 
Leaf- region,  24,  31. 

 scale-region,  23, 25. 

 sheath,  48. 

 stalk,  46. 

Leaves,  absorption  by, 
564. 

 ,  arrangement  of,  39. 

 ,  development  of, 

540. 

 ,  forms  of,  52. 

 ,  modifications  of,  62. 

 ,  structure  of,  528. 

 ,  veins  of,  529. 

Legume,  141. 
Lepidotus,  62. 
Liber,  501,  523. 
Liber-cells,  501. 
Liber-region,  506,  520. 
Lichens,  morphology  of, 
441. 

 ,  reproduction  of, 

589. 

Life  of  plants,  468,  542. 
Light,  action  of,  571. 

 ,  influence  of,  571. 

Ligulate  corollas,  105. 
Ligule,  50. 

Liliaceous  corolla,  104. 
Limb  of  calyx,  101. 

 of  corolla,  105. 

-  of  petal,  103. 

Lindley's  System,  193. 
Linear,  53. 
Linear-lanceolate,  54. 
Linna:an  System,  182. 
Lirelte,  442. 
Liverworts,  morphology 

of,  425. 
 ,  reproduction  of, 

597. 

Lobed  leaves,  56. 
Lobes,  61. 

 of  anther,  114,  116. 

 of  calyx,  101. 

Loculi  of  anthers,  1 16. 

 of  ovaries,  123. 

Loculicidal,  135. 
Locusta,  spikelot  of  a 

grass,  110. 
Lodicula?,  111. 
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Lomentum,  141. 

Luminosity  of  plants,  024. 

Lycopodiaeerc,  morpho- 
logy of,  597. 

 ,  reproduction  of, 

602. 

 ,  stems  of,  515. 

Lyrate,  57. 

Mace,  150. 

Magnitude  of  cells,  476. 
Male  flowers,  90. 
Malpighiaceas,  stems  of, 

521. 
Mangroves,  20. 
Marcescent  calyx,  103. 
Margins  of  leaves,  55. 
Marine  plants,  561. 
Marsileaceoe,  morphology 

of,  411. 
 ,  reproduction  of, 

602. 

Mealy  endosperm,  or  al- 
bumen, 151. 

Medulla,  523. 

Medullarv  rays,  520,  523. 

 sheath,  520. 

Megaspores,  602. 

Membrane,  cell-,  477. 

Membrane  of  cells,  com- 
position of,  487. 

 ,  porosity  of,  477. 

Membranous,  61. 

Merenchyma,  500. 

Mericarps,  135. 

Mesocarp,  133. 

Mesothecium,  530. 

Metamorphosed  leaves, 
62. 

Metamorphosis,  88. 
Methods  of  study,  3. 
Metis,  618. 
Microgonidia,  591. 
Micropyle,  129,  149. 
Microscope,  5. 
Microspores,  602. 
Midrib,  51. 
Milk-vessels,  514. 
Milky  juices,  578. 
Mineral  products,  578. 
Mistletoe,  21. 
Molecules,  478. 
Monadelphous,  94,  119. 
Monandrous,  117. 
Moniliform,  114. 


Moniliform  ducts,  502. 
Monocarpic,  547. 
Monochlamydeous,  90. 
Monocotyledones,  10, 14. 

 ,  roots  of,  524. 

 ,  stems  of,  516. 

Monoclinous,  615. 
Monoecious,  90. 
Monopetalous,  93,  103. 

 corolla,  105. 

Monophyllous,  108. 
Monosepalous,  93,  101. 

 calyx,  101. 

Monothalamic,  137. 
Monstrous  carpels,  121. 
Morphology  of  Cryptoga- 

mia,  153. 
  of  Phanerogamia, 

11. 

Mosses,  morphology  of, 
420. 

 ,  reproduction  of, 

580,  597. 

 ,  stems  of,  515. 

Movements  of  plants,  624, 

629. 

 of  protoplasm,  551. 

 of  spermatozoids, 

553. 

 of  tendrils,  630. 

 of  zoospores,  552. 

Mucilaginous  endosperm 

or  albumen,  151. 
Mucronate,  55. 
Mules,  618. 
Multijugate,  59. 
Multilocular  ovary,  123. 
Multiple  fruits,  137. 

 ■  pistils,  142. 

Multiplication,  88,  579. 
Muriform  parenchyma, 

500. 
Mycelium,  444. 

Naked  buds,  69. 

 flower,  90. 

Napiform  root,  18. 
Natant,  61. 

Natural  classiGcation,186. 

 families,  160. 

Navicular,  104. 
Nectary,  104. 
Nectaries,  108. 
Nervaturo  of  loaves,  51. 
Nerves,  51. 


Neuter  flowers,  90. 
Nitrogen,  sources  of,  561, 

573. 
Nodding,  37. 
Nodes,  22,  39. 
Nodose,  38. 

Nomenclature,  163,  164. 
Nucleolus,  491. 
Nucleus  of  cells,  491. 

 of  ovule,  129. 

Nuculanium,  144. 
Nucule  of  Characece,  596. 
Nucules,  141. 
Nutans,  38. 
Nutrition  of  cells,  554. 
Nymphaeacece,  stem  of, 
521. 

Obcordate,  53. 

Oblique,  54. 

Obliquity,  97. 

Obovate,  53. 

Obtuse,  55. 

Obvolute,  71. 

Ocrea,  50. 

Offsets,  33. 

Oils,  essential,  498. 

 ,  fixed,  497. 

 ,  volatile,  577. 

Oily  endosperm  or  albu- 
men, 151. 

Opercular  dehiscence  of 
anthers,  117. 

Operculum  of  Mosses,421 . 

Opposite,  40. 

Orbicular,  53. 

Orchids,  roots  of,  511. 

Orders,  Linntean,  184. 

 ,  names  of,  169. 

Organic  acids,  573. 

 structure,  544. 

Organizing  force,  542. 

Organs,  468. 

 ,  development  of,540. 

 ,  elementary,  469. 

 ,  essential,  90. 

 ,  internal  anatomyof, 

515. 

Organs  of  Flowering 

plants,  11. 
Orobanchaceai,  21. 
Orthotropous,  130. 
Osmose,  562. 
Ovary,  120. 
Ovate,  53. 
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Ovate-lanceolate,  54. 
Overhanging,  38. 
Ovule,  120. 

 ,  characters  of,  128. 

 ,  development  of,541. 

 ,  of  Angiosperms, 

G10. 

 ,  of  Gymnospernis, 

608. 

 of  Phanerogarnia, 

607. 

Oxygen;  evolution  of,  571. 
Ozone,  action  of,  561. 

Palate,  107. 
Pales,  74,  110. 

 of  capitula,  78. 

Palmate,  60. 
Palmifid,  57. 
Palminerved,  52. 
Palmipartite,  57. 
Palmipinnate,  61. 
Palmisect,  57. 
Panicle,  76. 
Paper,  botanical,  4. 
Papilionaceous  corolla, 

105. 
Pappus,  102. 
Paracellulose,  487. 
Parallel-nerved,  51. 
Parenchyma,  500. 
Parietal  placentas,  124. 
Paripinnate,  59. 
Partial  petiole,  48,  58. 
Passages,  intercellular, 
512. 

Patella;,  442. 

Patent,  39. 

Pedate,  60. 

Pedatifid,  57. 

Pedatipartite,  57. 

Pedatisect,  57. 

Pedicel,  73. 

Peduncle,  73. 

 ,  foliaceous,  82. 

Pelted  442. 

Peltate,  55. 

 anthers,  117. 

 stigma,  127. 

Pendent,  38. 

Pendulous,  39. 

 ovule,  129. 

Penicillate  stigmas,  127. 

Penninorved,  52. 

Pentadelphous,  119. 


Pentamerous  flowers,  87. 
Pentastichous,  41. 
Pepo,  147. 

Perennial  plants,  547. 

 stems,  33. 

Perfect  flowers,  90,  112. 
Perfoliate,  55. 
Perforated  cells,  482. 
Perianth,  98. 

 ,  characters  of,  108. 

 of  Grasses,  110. 

 of  Jungermanruacece, 

424. 
Pericarp,  133. 
Perichaetial  leaves,  421, 

424. 

Perichsetium,  424. 
Periderm,  524. 
Peridium,  416. 
Perigone,  98. 

 (Jungermanniaceoe), 

424. 

Peri  gonial  leaves,  424. 
Perigynium,  112. 
Perigynous,  94, 95. 
Periodicity  in  plants,  547. 
Peripherical  embryo,  153. 
Perisperm,  151. 
Peristome,  421. 
Perithecia,  442,  445. 
Persistent,  83,  108. 

 calyx,  102. 

 corolla,  108. 

Personate,  107. 
Petals,  103. 

i  strap-like,  104. 

Petaloid,  104. 

 filament,  114. 

 perianth,  108. 

Petiole,  46,  48,  148. 

 ,  structure  of,  529. 

Petiolule,  58. 
Petrified  plants,  670. 
Phanerogarnia,  10. 

 ,  reproduction  of,604. 

Phyllaries,  74. 
Phyllocyanine,  493. 
Phyllodes,  47,  48. 
Phyllodia,  62. 
Phyllotaxy,  40. 

 of  flowers,  86. 

Phylloxanlhine,  493. 
Physiological  forces,  542. 

 processes,  550. 

Physiology,  468. 


Pileorhiza,  525. 
Pilose,  39,  62. 
Pinnaj,  58,  61. 
Pinnate,  58. 
Pinnatifid,  56. 
Pinnatipartite,  56. 
Pinnatisect,  56. 
Pinnules,  61. 
Pistilliferous,  90. 
Pistils,  characters  of,  120. 

 ,  structure  of,  530. 

Pitcher-plants,  63. 
Pitchers,  63. 

Pith  of  Dicotyledons,  520, 
523. 

Pits  of  cell-membrane, 
479. 

Pitted  cells,  480. 

 ducts,  504. 

 epidermal  cells,  485. 

Placenta,  121,  124. 
Placentoids,  530. 
Plaited  aestivation,  99. 
Plants.description  of,170. 

 ,  distribution  of,  63 

 ,  food  of,  558. 

 ,  fossil,  670. 

 ,  life  of,  468. 

 ,  skeleton  of,  487. 

Plicate,  71. 

Plicate  aestivation,  99. 

Plumule,  15,  66,122,152. 

Podosperm,  129. 

Pollarding,  581. 

Pollen,  113,114,119,605. 

 of  Gymnospemiia, 

606. 

Pollen-masses,  119,  605. 
Pollen-tubes,  607,  612. 
Pollinia,  120,  605. 
Polyadelphous,  119. 
Polyandrous,  117. 
Polycotyledonous,  152. 
Polygamous,  90. 
Polygonal  cells,  474. 
Polypetalous,  93,  103. 

 corollas,  104. 

Polyphyllous,  10S. 
Polysepalous,  93,  100. 

 calyx,  100. 

Polythalamic,  137. 
Pomum,  147. 
Pores,  136. 

Porosity  of  membrane, 
477. 
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Porous  cells,  480. 

  dehiscence  of  an- 
thers, 117,  134.  ' 

 ,  of  fruit,  134. 

Postventitious  bulbs,  27. 

Pignoration,  98. 

Praifoliation,  70. 

Pra;ventitious  bulbs,  27. 

Primary  membrane,  477. 

Primine,  130,  150,  611. 

Primitive  fibre,  479. 

Primordial  utricle,  489. 

Prismatic  cells,  474. 

 parenchyma,  500. 

Processes,  physiological, 
550. 

Procumbent,  38. 

Progressive  vascular  bun- 
dles, 508. 

Propagation,  582. 

Prosenchyma,  500,  501. 

Prostrate,  38. 

Protandrous,  615. 

Proteinaceous  matters, 
575. 

Prothallium,  600. 
ProthaUus,  410,  592. 
Protogynous,  615. 
Protonema,  600. 
Protoplasm,  489. 

 ,  movements  of,  551. 

Pruinose,  62. 
Pubescent,  62. 
Pulvinus,  49. 
Putamen,  133. 
Pyxis,  143. 

Quadrilocular  anther,  116. 
Quaternary  flowers,  87. 
Quinary  flowers,  87. 
Quinate,  60. 
Quincuncial,  41. 
 aestivation,  99. 

Eaceme,  76. 
Eaces,  nature  of,  159. 
Eachis,  110. 
Eadiant  florets,  79. 
Eadiatc,  127. 
Eadical  leaves,  45. 
Eadicle,  15,  16,  152. 
Eadix  multiceps,  33. 
Eamal  leaves,  46. 
Eamification,  67. 
Eamosissimus,  39. 


Eaphe,  130. 
Eaphides,  499. 
Eay,  79. 

Eays,  medullary,520,  523. 
Eeceptacle  of  flowers,  94, 
96. 

 ,  anatomy  of,  530. 

 ,  common,  78. 

 (Pucacea3),  168. 

—  (Fungi),  171. 
Eeceptacular  tube,  95, 

101. 
Eeclinate,  71. 
Eeduplicate,  99. 
Eeflexed  perianth,  108. 

 sepals,  101. 

Eegions  of  altitude,  645. 
Eegma,  143. 
Eegular  calyx,  101. 

 corolla,  104. 

 flower,  88. 

Eeniform,  53. 
Eepand,  56. 
Eepens,  38. 
Beplurn,  125. 
Eepresentative  species, 

637. 

Eeproduction,  sexual, 
587. 

 ,  vegetative,  579. 

 of  Alga;,  589. 

 Angiospora3,  595. 

 Confervoidea:,  591. 

 Diatomacea3,  590. 

 Equisetaceas,  581. 

 Perns,  581. 

 Fucaceaa,  589. 

 Fungi,  589. 

 Hepaticaa,  580,  597. 

 Lichens,  589. 

 Marsileacea?,  602. 

 Mosses,  580,  597. 

— — ■  Phanerogamia,  581, 
604. 

 Sporogarnia,  602. 

■  Thallogamia,  600. 

 Thullophyta,  589. 

Eeservoirs  for  secretions, 
514. 

Eesins,  secretion  of,  577. 
Eespiration  of  plants,  573. 
Eesting-spore,  546,  593. 
Eesupinate  ovule  (of 

Plumbaginacea;),  129. 
Eeticulated  colls,  484. 


Eeticulated  vessels,  504. 
Eetinaculum,  120. 
Eetroserrate,  56. 
Eetuse,  55. 
Eeversion,  620. 
Eevolute,  56,  72. 
Ehizome,  21,  25,  30. 
Ehizotaxy  (arrangement 

of  roots),  17, 
Ehomboidal,  53. 
Eibs,  51,529. 
Eibbed,  38. 

Eind  of  Monocotyledons, 

518. 
Eingent,  107. 
Einging  of  stems,  570. 
Eoots,  16. 

 ,  adventitious,  18. 

 ,  aerial,  19. 

■  ,  axial,  17. 

 ,  buds  on,  21. 

 ,  development  of, 

539. 

 ,  direction  of,  539. 

 •,  fibrils  of,  19. 

,  selecting  power  of, 
563. 

 ,  structure  of,  524. 

 ,  tuberous,  17,  527. 

Eoot-stock,  21,  25,  30. 
Eosaceous  corolla,  104. 
Eosulate,  44. 
Eotate  corolla,  105. 
Eotation  of  cell-sap,  551. 
Eliminated  endosperm  or 

albumen,  151. 
Euncinate,  57. 
Eunners,  33. 

Saccate,  102. 

 petals,  104. 

Sagittate,  53. 
Samara,  143. 
Sap,  ascent  of,  565. 

 ,  crude,  565. 

 ,  descent  of,  569. 

 elaborated,  569,570. 

Sap-wood,  523. 
Sapindacea3,  stems  of,  521. 
Sarcocarp,  133. 
Scabrous,  62. 
Scalaril'orm  cells,  484. 

 vessels,  504. 

Scales,  70,  510. 
 of  corollas,  107. 
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Scaly,  62. 

 bulb,  26. 

Scandens,  38. 
Scapo,  73. 
Scattered,  40. 
Scbizoearp,  135. 
Scorpioid  cyme,  80. 
Screw-Pines,  21. 
Scurfy,  62. 
Scutellae,  442. 
Secondary  layers,  479. 

 spiral,  42. 

Secretion,  575. 
Secretions,  canals  for,  514. 

 ,  reservoirs  for,  514. 

Secretory  system,  513. 
Secundine,  130,  150,  611. 
Seeds,  characters  of,  148. 

■  ■,  vitality  of,  546. 

Segments,  61. 
Selecting  power  of  roots, 
563. 

Sensitive  plants,  628. 
Sepaloid  perianth,  109. 
Sepals,  100. 
Septa  of  cells,  475. 
Septenate,  60. 
Septicidal,  135. 
Septifragal,  134. 
Septum  of  anthers,  116. 

 of  fruits,  132. 

Sericeous,  62. 
Serrate,  56. 
Sessile,  47,  54. 

 flower,  73. 

 leaves,  47. 

 stamen,  113. 

 stigma,  120,  126. 

Seta  of  Mosses  &c,  420. 

Sette,  62. 

Setose,  39,  62. 

Sexual  reproduction,  587. 

Silica,  excretion  of,  578. 

Siliceous  deposits,  487. 

Silicula,  144. 

Siliqua,  144. 

Simple"  fruits,  140. 

 leaf,  51. 

 pistils,  122. 

Simultaneous  vascular 

bundles,  507. 
Sinistrorse,  100. 
Sinuate,  57. 
Sinus,  101. 
Size  of  cells,  476. 


Skeleton  of  plants,  487. 
Sleep  of  plants,  626. 
Slips,  583. 
Solitary  flowers,  73. 
Sori  of  Algaj,  431. 

 of  Ferns,  416. 

Sorosis,  147. 
Spadix,  76. 
Spathe,  74. 
Spathulate,  53,  55. 
Special  receptacle(Fungi), 
171. 

Species,  names  of,  159, 
164, 166. 

 ,  nature  of,  156. 

 ,  origin  of,  161. 

 ,  representative,  637. 

Specific  character,  177. 

Spectrum,  rays  of,  571. 

Spermatia,  433,  589. 

Spermatozoids,  553. 

 of  Algas,  431. 

Sperm-cells,  600. 

Spermocarpia,  10. 

Spermogonia,  442. 

Sphalerocarpurn,  141. 

Spheroidal  cells,  472. 

Spike,  76. 

Spikelet,  76,  110. 

Spines,  62,  65,  510. 

 (leaf),  55. 

Spinose-serrate,  56. 

Spinosus,  39. 

Spinous,  62. 

Spiral  embryo,  152. 

 fibrous  cells,  483. 

 growth,  629. 

 (leaves),  41. 

  structure  of  mem- 
brane, 477. 

 vessels,  502. 

Spongioles,  527. 

Spontaneous  generation, 
544. 

Sporanges,  154, 410. 
Spores,  154. 

 ,  resting,  593. 

 ,  vitality  of,  546. 

Spore-fruits,  411. 
Spore-sacs  of  Algoe,  431. 
Sporocarpia,  10. 
Sporocarps,  411. 
Sporogamia,  10,  602. 
Sports,  620. 
Spur,  102. 


Spurious  dissepiments, 
124. 

Spurred  petals,  104. 
Stalked  scales,  62. 
Stamens,  characters  of, 
113. 

 ,  compound,  114, 1 10, 

541. 

 of  Gymnospermia, 

117. 

Staminiferous,  90. 
Staminode,  113. 
Standard,  105. 
Starch,  485,  570. 
Starch-granules,  494. 

 ,  test  for,  495. 

Statistics  of  vegetation, 
667. 

Stellate  cells,  474. 
Stems,  21. 

 ,  anatomy  of,  515. 

 ,  development  of, 

538. 

Sterile  flowers,  90. 
Stichidium,  431. 
Stigma,  120. 
Stigmas,  characters  of, 
126. 

Stigmata  bicruria,  127. 
Stigmatic  surface,  121. 
Stings,  62,  513. 
Stipels,  50. 
Stipitate,  97. 
Stipules,  46,  48,  49, 51. 
Stipidate,  48. 
Stock,  35. 
Stomata,  508. 

 ,  development  of,  537. 

Straight  em  bryo,  152. 
Striate,  39. 
Strictus,  37. 
Strobile,  76. 
Strobilus,  148. 
Stroma,  445. 
Stropbioles,  150. 
Structure  of  flowers,  S6. 

 of  leaves,  528. 

 of  petioles,  529. 

 of  plants,  46S. 

 of  roots,  524. 

 of  stems,  515. 

Style,  120. 

 ,  characters  of,  126. 

 ,  structure  of,  530. 

Stylospores,  445. 
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Suberous  layer,  520,  524. 
Submerged  leaves,  61, 

529. 
Suborders,  170. 
Subrotund,  53. 
Substitution,  97. 
Subidate,  53,  114. 
Succulent,  61. 
Sugar,  485,  497. 

 ,  secretion  of,  576. 

Superior,  95. 

 fruits,  137. 

 ovary,  123. 

Suppression,  88,  90,  91. 
Supradeeoinposite,  58. 
Surfaces  of  leaves,  51,  61. 
Suspended  ovule,  129. 
Suspensor,  608. 
Sutural  dehiscence,  117, 

134. 

Sutures  of  anther,  114. 

 ,  dorsal,  121. 

 ,  ventral,  121. 

Syconus,  147. 
Symmetrical  flower,  88. 
Syncarpium,  142. 
Syncarpous  fruits,  137. 

 pistil,  122. 

Syngenesious,  94,  119. 
Synonyms,  167. 
System,  aerial,  512. 

 ,  cellular,  505. 

 ,  cortical,  508. 

 ,  fibro-vascular,  506. 

 ,  secretory,  513. 

Systematic  botany,  155. 
System  of  Bentham  and 
Hooker,  194. 

 ofDe  CandoUe,  192. 

 of  Endlicher,  192. 

 of  Jussieu,  190. 

 of  Lindley,  193. 

 of  Linna'us,  182. 

Systems,  artificial,  181. 

 ,  natural,  186. 

 of  classification,  181. 

Tabular  cells,  472. 

 parenchyma,  500. 

Tannin,  579. 
Tap-root,  17. 
Teeth  of  calyx,  101. 
Tegmen,  129,  149. 
Tegmenta,  69. 
Tela,  contexta,  502. 


Temperature  of  plants, 

622. 
Tendrils,  63. 
Teratology,  83. 
Terete,  38. 

Terminal  buds,  22,  66. 

 inflorescence,  72. 

Ternary  compounds,  573. 
— ' —  flowers,  87. 
Ternate,  60.; 
Ternato-pinnate,  60. 
Tertiary  layers,  485. 
Testa,  130,  149. 
Tests,  494. 
Tetradynamous,  118. 
Tetramerous  flowers,  87. 
Tetraspores,  580,  589. 
Texture  of  leaves,  61. 
Thalamifloral,  95. 
Thalamus,  85,  97, 530. 
ThaUogamia,  10,414. 

 ,  reproduction  of, 600. 

Thallophyta,  21,  154. 

 ,  morphology  of, 

427. 

 ,  reproduction  of, 

589. 

Thallus,  154, 427. 
Thecas,  154. 
Thorns,  65,  510. 
Throat  of  calyx,  101. 

 of  corolla,  105. 

Thyrse,  77. 

Tigellum  (hypocotyledo- 

nary  axis),  22. 
Tissue,  conducting,  530. 

 ,  felted,  502. 

 ,  kinds  of,  499. 

 ,  vascular,  471,  502. 

Tomentose,  62. 
Torus,  97,  112. 
Transpiration,  566. 
Transport  of  plants,  635. 
Triadelphous,  119. 
Triandrous,  117. 
Triangular,  38,  53. 
Tribes,  170. 

Trichogyne,  433, 590, 593. 
Trigonous,  38. 
Trimcrous  flowers,  87. 
Trimorphism,  615. 
Tripinnate,  60. 
Tripinnatifid,  58. 
Tripinnatiseot,  58. 
Triple-nerved,  52. 


Triquetrous,  38. 

Tristichous,  40. 

Trunk,  34. 

Tryma,  145. 

Tube  of  calyx,  97, 101. 

 of  corolla,  105. 

 ,  receptacular,  95. 

Tubers,  stem-,  29. 
Tuberous  roots,  17,  527. 
Tubular,  101,  105. 
Tunicated  bulb,  26. 
Turbinate,  101. 
Turio,  33. 
Twining,  38. 
Typical  flower,  88. 

Umbel,  77. 
Umbellule,  77. 
Umbilical  cord,  129. 
Undulated,  56. 
Unguis,  103. 
Unijugate,  59. 
Unilocular  anther,  116. 

 ovary,  123. 

Unisexual,  90,  112. 
Urceolate,  101. 
Utricles,  63. 

 ,  primordial,  489. 

Utriculus,  112,  141. 

 of  Carex,  112. 

Uva,  145. 

Vagina,  46,  49. 

Vaginule  of  Mosses,  421, 
599. 

Valvate,  70. 

 (Estivation,  99. 

Valves  of  fruits,  134. 

Valvular   (sutural)  de- 
hiscence of  anther,  1 17. 

 of  fruits,  134. 

Varieties,  158. 

 ,  names  of,  168. 

 ,  nature  of,  157. 

Vasa  propria,  502,  505. 

Vascular  tissue,  500,  502. 

Vasculose,  487. 

Vegetable,  definition  of, 
542. 

 Kingdom,  10. 

 ,  systematic 

view  of,  194. 
Vegetation,  chemistry  of, 

558. 

 ,  physiology  of,  551. 
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Vegetation,  statistics  of, 
667. 

 ,  zones  of,  641.  • 

Vegetative  multiplication, 

579. 
Veins,  51. 
— * —  of  leaves,  529. 
Velaruen  radicum,  511. 
Venation  of  leaves,  51.. 
Vernation,  70. 
Versatile  anther,  114. 
Verticillaster,  81. 
Verticillate,  40. 
Vessels,  502. 

 ,  development  of,  537. 

 ,  laticiferous,  514. 

Vexillary  asstivation,  99. 


Vexillum,  105. 
Villous,  62. 
Vinegar-plant,  555. 
Viscous,  (J2. 
Viscuni,  epidermis  of, 
511. 

Vital  force,  542. 
Vitality  of  seeds  and 

spores,  546. 
Volatile  oils,  '577. 
Volubilis,  38. 

Was,  excretion  .of,  578. 
Whorled,  40. 
Winged,  38,  49. 
Wings,  105. 
Winter-buds,  70. 


Wood  of  Dicotyledons, 
520. 

Wood-region,  500. 
Woody  fibre,  501.' 

Xantho-protein,  494. 

Yeast-plant,  554. 
Yew,  wood-cells  of,  485. 
Yucca,  stem  of,  518. 

Zones  of  vegetation,  632, 
641. 

Zoospores,  552,  590. 

—  ,  development  of, 

535. 

 ,  movement  of,  552, 


THE  END. 
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